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PREFACE 


Tue addition of another to the long list of books which have 
been written on evolutionary subjects would hardly be justified 
in the present instance were it not for the fact that the writer is a 
paleontologist, whose viewpoint and the evidence at his disposal 
are therefore materially different from those of the great majority of 
authors who have enriched the literature of evolutionary biology. 
The discussion is not based solely upon existing evidences, but also 
upon the geologic life record, which, although very imperfect com- 
pared with that formerly present, is nevertheless wonderfully rich 
in precept and example such as do not come within the scope of the 
usual methods of instruction. The work aims to be comprehensive 
in its scope, but should make a special appeal to students of the 
past life of our globe. It is hoped, however, that a wider public will 
learn thereby that the science of Paleontology has a unique social or 
human value. 

The work is the outcome of twenty-three years of college teach- 
ing, during the last eleven of which courses more or less closely par- 
alleling the substance of the present volume have been offered to 
Yale University students. While the course at Yale has been pre- 
sented in the form of lectures, a text-book, Jordan and Kellogg’s 
Evolution and Animal Life, has been used for reference, especially 
in the earlier lectures. The use of that excellent work has neces- 
sarily influenced the author’s teaching, and as a consequence the 
writing of the present book, certain chapters of which will be seen to 
parallel somewhat those of Jordan and Kellogg. The writer wishes 
thus to acknowledge his indebtedness to this source. For the larger 
part of the work, the sources vary, the principal references being 
given at the close of each chapter. These, collectively, form a 
representative bibliography of the subject from the present writer’s 
point of view. 

Each chapter as it has been written has been referred to one or 
more of the author’s colleagues for criticism, and, so far as possible, 
such criticisms have been met and suggested additions inserted. It 
is hoped that by so doing errors of fact have been in a measure 
eliminated; the final responsibility, however, lies with the author. 
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I am deeply indebted to my colleagues, Professors Schuchert, 
Barrell, and Woodruff of Yale University, and to Professor W. K. 
Gregory of Columbia University and the American Museum of 
Natural History for painstaking criticism, as they have collectively 
read and commented upon the entire work. Doctor W. D. Matthew 
of the American Museum, and Professor H. H. Wilder of Smith 
College have also aided me in the text, while I am able through the 
courtesy of President Osborn of the American Museum, the New 
York Zodlogical Society through Mr. C. W. Beebe, the United 
States National Museum, that of the Academy of Natural Sciences 
of Philadelphia, and the Peabody Museum at Yale to present the 
series of photographs which form the plates. The text-figures, 
which have been taken from many sources, have, with very few 
exceptions, been especially drawn for the book, and are very largely 
the work of Mr. William Baake, which was rendered possible 
through the generosity of the publishers. A very great portion of 
the labor of preparing the manuscript and of seeing it through the 
press has fallen to Miss Clara M. LeVene of the Yale Museum, to 
whom I am especially grateful. 

RICHARD SWANN LULL. 
Yale University, June, 1917. 
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INTRODUCTION 
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ORGANIC EVOLUTION 


CHAPTER I 
History oF EvoLutrion 


The problem of the creation resolves itself into two aspects: the 
origin of the forms of life, and the origin of life itself. It is not 
surprising, therefore, that these great questions should be among 
the earliest recorded speculations of humanity, for life in its varied 
forms comes so close to personal experience. 

Theories of Origin.—Four theorics have been advanced to ac- 
count for the existence of the varied kinds of animals and plants 
on earth to-day—theories in some respects diametrically opposed 
to one another, in other respects somewhat in accord. They are: 


1. Eternity of Present Conditions. 
2. Special Creation. 
3. Catastrophism with 
a. Repopulation by immigration. 
b. Repopulation by successive creations. 
4. Organic Evolution. 


Theory of Eternity of Present Conditions 


The first theory argues for the unchangeableness of the universe, 
holding not only that organisms have been unalterable throughout 
their existence, but that they have always existed and will continue 
to exist in the same unchanging state throughout eternity. This 
was apparently the belief of very few authorities, for one finds 
almost no allusion to it in the literature of science, although Hutton 
wrote: “The result of this physical enquiry is that we find no 
vestige of a beginning—no prospect of an end.” Whether this 
should be interpreted as a statement that the world has neither 
beginning nor end is, however, open to question. 
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Theory of Special Creation 


The second theory, that of Special Creation, is the literal inter- 
pretation of the Mosaic account of creation set forth in the first 
chapter of Genesis—a simple story, beautifully told, derived from 
the Hebrew tradition and well suited to the state of knowledge of 
the times and of the people for whom it was written. This account, 
strictly interpreted, has been the teaching, not alone of the Hebrew, 
but of the Christian church authorities for many centuties, al- 
though the increase of zodlogical knowledge made it harder and 
harder to reconcile with observed facts, until, strained almost to 
breaking, it had to give way to the doctrine of Evolution. 

Suarez.—One of the greatest advocates of the Special Creation 
doctrine during Christian times was Father Suarez (1548-1617), 
a Spanish Jesuit priest, who taught emphatically that “the world 
was made in six natural days. On the first of these days the materia 
prima was made out of nothing, to receive afterwards those ‘sub- 
stantial forms’ which moulded it into the universe of things; on the 
third day, the ancestors of all living plants suddenly came into 
being, full-grown, perfect, and possessed of all the properties which 
now distinguish them; while, on the fifth and sixth days, the an- 
cestors of all existing animals were similarly caused to exist in their 
complete and perfect state, by the infusion of their appropriate 
material substantial forms into the matter which had already been 
created. Finally, on the sixth day, the anima rationalis—that 
rational and immortal substantial form which is peculiar to man— 
was created out of nothing, and ‘breathed into’ a mass of matter 
which, till then, was mere dust of the earth, and so man arose. But 
the species man was represented by a solitary male individual, until 
the Creator took out one of his ribs and fashioned it into a female”’ 
(Huxley). 

So profound was Suarez’ influence upon European Catholic 
thought that his teaching continued to be the only orthodox belief 
in Europe until the middle of the nineteenth century. In a similar 
manner John Milton (1608-1674) influenced Protestant thought 
in England by the wondrously written story of the creation in 
Paradise Lost. 

Some advocates of the theory claimed that none of the forms had 
changed in the several thousand years which had elapsed since the 
beginning; but that the latter-day descendants were in every way 
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precisely similar to the original pair when they issued from the hands 
of their Creator. Other keen observers, like Linnzeus, thought that 
all the species of one genus constituted at the creation but one form, 
ab initio unam constituerint speciem; their number being subse- 
quently increased through intercrossing with other species, and the 
hybrids thus produced forming additional species to those originally 
created. Linnzus also held that certain forms had lost their pristine 
character through degeneracy—the result of climate and environ- 
ment. 


Theory of Catastrophism 


Cuvier.—A new complication arose through the discovery of 
older faunas, the remains of which were preserved in the form of 
fossils and which seemed to represent creatures whose existence 
antedated that of the living types. Cuvier (1769-1832), one of the 
founders of the science of Paleontology, became interested in the 
bones which lay buried in the gypsum quarries in the hill of Mont- 
martre within the present limits of the city of Paris. His studies of 
these forms, and especially his reconstructions of their skeletons, 
showed the great anatomist that he was dealing with extinct 
animals which had no existing representatives. Cuvier also had, 
because of his official position in the Jardin des Plantes, the opportu- 
nity to study hosts of specimens from all parts of the earth, and as 
a.result of his research, gave to the world a new theory, that of 
Catastrophism or Cataclysm, to account for the extinction of these 
forms. He is generally accredited with the belief that the cat- 
aclysms were world-wide and that the slaughter of the older fauna 
necessitated the creation of a new one to take its place. That 
belief, however, was held by later scholars of the same school, but 
apparently not by Cuvier. 

What Cuvier believed was that the catastrophes were local, 
“sudden revolutions, such as subsidences of the earth’s crust, 
followed by invasions by the sea of continents once dry;” while 
“other revolutions resulting in the upheaval of mountain chains 
have again cast back the waters and allowed, on the foundation of 
the dried bettom of the sea, the constitution of continental soils 
favorable to the expansion of new terrestrial faunas; these new 
faunas are not created on the spot, but come from distant regions, 
their migration from which has become possible owing to tem- 
porary bridges between continents” (Depéret). Cuvier’s belief has 
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a great deal of truth in it, except that the “revolutions” with re- 
sulting climatic change and consequent extinctions and immigra- 
tions have been rapid only in proportion to the length of geologic 
time, but very, very slow as mortals note the flight of years. 

D’Orbigny.—Further knowledge of historical geology led to an 
expansion of the catastrophic belief far beyond the teaching of 
Cuvier, and postulated a re-creation following each cataclysm and 
corresponding to the principal geologic periods. Alcide d’Orbigny 
(1802-1857), writing in the year 1848, expounded this theory as 
follows: 

“The first creation shows itself in the Silurian stage. After its 
annihilation through some geological cause or other, a second crea- 
tion took place a considerable time after in the Devonian stage, and, 
twenty-seven times in succession, distinct creations have come to re- 
people the whole earth with its plants and animals after each of the 
geological disturbances which destroyed everything in living nature. 
Such is the fact, certain but incomprehensible, which we confine 
ourselves to stating, without endeavoring to solve the superhuman 
mystery which envelops it’”’ (Depéret). 


Theory of Organic Evolution 


Evolution is the gradual development from the simple unorgan- 
ized condition of primal matter to the complex structure of the 
physical universe; and in like manner, from the beginning of organic 
life on the habitable planet, a gradual unfolding and branching out 
into all the varied forms of beings which constitute the animal and 
plant kingdoms. The first is called Inorganic, the last Organic 
Evolution. 

Early Greek Theories.—Organic Evolution is often imagined 
to be a nineteenth century contribution to biologic science, whereas 
the idea is itself the product of an evolution of thought and is the 
fruition of no fewer than twenty-four centuries of speculation and 
research. The germ of the evolutionary idea had its inception with 
the Greeks, whose wonderful fertility of mind has so enriched 
the world, the first writer to deal with the problem, Anaximander, 
living five and a half centuries before the Christian era. Emped- 
ocles (495-435 B.c.) may be called the father of Evolution, 
though the Evolution that he taught implied no succession of re- 
lated animals, gradually improving in successive generations, but 
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a series of attempts on the part of nature to produce more perfect 
forms, the unfit being eliminated. He is the first to show the pos- 
sibility of the origin of the fittest forms through chance rather than 
through design. 

Another Greek, Democritus (460-?357 B.c.), went further than 
Empedocles in that he taught the adaptations of single structures 
and organs, whereas the latter applied the idea to entire organisms. 
But by far the most notable figure in Greek philosophy was Aristotle 
(384-322 B.C.), whose versatility as a writer upon all aspects of 
human knowledge was remarkable In view of the limited opportu- 
nities for observation possible in those days when the teeming host 
of microscopic forms as well as the extinct creatures were utterly 
unknown, the deductions of Aristotle, even where he appears to 
retrogress from the truth, are highly logical. He did not believe 
in Special Creation, nevertheless he postulates an intelligent design 
as the primary cause of the changes which have been wrought in 
nature, and the central thought in his evolutionary theory, if such 
it was, is an internal perfecting tendency impelling organisms to 
greater and greater perfection. As a result of this, he saw a com- 
plete gradation in nature from the mineral to the plant, the plant- 
like animal, the animal with senses and hence locomotor powers, 
and finally man. 

Aristotle considered life a function of the organism, not a sep- 
arate principle, and had an understanding of adaptations and of 
heredity, even of the atavistic heredity wherein an ancestral trait 
reappears in a later descendant after having lain dormant for sev- 
eral generations. Osborn says of him: 

Aristotle’s argument for “operation of natural law, rather than 
of chance, in the lifeless and in the living world, is a perfectly logical 
one, and his consequent rejection of the hypothesis of the Survival 
of the Fittest, a sound induction from his own limited knowledge 
of Nature. ... If he had accepted Empedocles’ hypothesis [of 
the origin of the fittest through chance rather than through design] 
he would have been the literal prophet of Darwinism.” 

To summarize, then, the Greeks offered as causes of evolutionary 
change three explanations: 

1. Intelligent design, 

2. The operation of natural laws implanted by intelligent design, 

3. The operation of natural causes due to laws of chance—no 


evidence of design, even in origin. 
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Middle Ages.—And now, for hundreds of years, owing largely 
to the repressive measures of the church authorities, though some, 
like Saint Augustine, would have taught otherwise, the progress 
of the evolutionary idea virtually ceased until the coming of the 
philosophers Bacon, Descartes, Leibnitz, and Kant, and the natu- 
ralists Linneeus, Buffon, Erasmus and Charles Darwin, E. Geoffroy 
St.-Hilaire, and Lamarck. The philosophers contributed very 
materially to the problems of causation, but the real proof of 
Evolution lay in the facts concerning animate nature which the 
naturalists gathered and explained. 

Linnzus.—Among the great naturalists, Linnzus (1707-1778) 
was a contributor of facts rather than of theory, for his faith in 
the origin of species through Special Creation never wavered, except 
that he believed in the production of post-creation forms by hy- 
bridizing or by degeneracy due to climatic change. He was one of 
the first to put systematic zodlogy on a firm basis and advocated 
the scheme of double Latin names for each clearly defined species of 
animal and plant. Linneus’ work, however, proved a great stim- 
ulus to the research along evolutionary lines which was carried out 
by his contemporaries and successors. 

Buffon.—First among these was Buffon (1707-1788), a French 
savant, who, Osborn says, was the “naturalist founder of the 
modern applied form of the evolution theory.”” Buffon lived in a 
time when to express one’s views along lines not deemed orthodox 
by ecclesiastical authority might invite serious annoyance or even 
persecution, and he was not of the stuff of which martyrs are made. 
To this may have been due his apparent wavering between Special 
Creation and Evolution. 

Buffon’s teaching may be briefly summarized thus: The chief 
factor in the mutation of species was “the direct influence of en- 
vironment in the modification of the structure of animals and plants 
and the conservation of these modifications through heredity.” 
The transmission of these acquired characters, however, is nowhere 
expressly stated by Buffon, but is certainly implied. Packard tells 
us that Buffon was not an original investigator, leaving no technical 
papers nor memoirs, but was a brilliant writer and a popularizer of 
science. His voluminous works express not only the evolutionary 
factor which he advanced but ideas on the influence of climate on 
various races of men, the formation of new varieties of animals 
through human intervention (artificial selection), and the same 
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results produced by nature through geographical migrations. Thus 
he understood the significance of isolation, although he did not 
expressly state it. Buffon did, however, record his views on the 
struggle for existence to prevent overcrowding and thus to main- 
tain the balance of nature. Herein he anticipates Malthus, whose 
work on human population later proved to be so great a stimulus 
to Darwin and Wallace. Buffon also speaks of the elimination of 
the least perfected species and the contest between the fecundity 
of certain species and their constant destruction. 

Erasmus Darwin (1731-1802) was a country physician, a nat- 
uralist, and a poet of some distinction. He was the grandfather of 
Charles Darwin, to whom he seems to have transmitted the love 
of science and desire to know what could be learned concerning 
the deeper problems of life. Erasmus’ direct influence upon his 
grandson, however, through the medium of his writings, seems to 
have been slight. 

The-elder Darwin’s theory as to the cause of evolution differed 
from that of Buffon in that he did not emphasize the influence of the 
directly acting environment, but believed that modifications spring 
from within by reactions of the organism, an idea more nearly 
comparable to that of Lamarck, but going even further than the 
-latter’s in being applied to plants as well as to animals. Thus he 
says: “All animals undergo transformations which are in part pro- 
duced by their own exertions, in response to pleasures and pains, 
and many of these acquired forms or propensities are transmitted 
to their posterity.” This is the first time that the factor of the 
inheritance of acquired characters is clearly stated. 

Erasmus Darwin emphasizes the fierce struggle for existence 
which, he says, checks the rapid increase of life and thus is ben- 
eficial in the end; hence he just misses the idea of survival of the 
fittest in connection with the struggle for existence. 

Doctor Darwin believed that powers of development were im- 
‘planted within the original organism by the Creator, and that 
these in turn gave rise to the various adaptations without further 
divine intervention. He does not, however, believe in the inherent 
perfecting principle of Aristotle but holds that the power of im- 
provement rests with the animal’s own efforts and that the result 
of these efforts upon the creature’s body can be transmitted to its 
- offspring. 

Two distinctly modern conceptions are attributed to Erasmus 
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Darwin: the statement of the evolution of all forms of life from a 
single protoplasmic mass, or, as he himself expresses it, from a single 
filament, capable of being excited into action by various kinds of 
stimuli; and the idea of the immensity of time—millions of years— 
required for the evolution of the organic world. 

Lamarck (1744-1829) was one of the most remarkable as well 
as one of the most pathetic figures in evolutionary history. A man 
of brilliant attainments, yet because of ideas which failed to meet 
the approval of the influential Cuvier, and because of his own blind- 
ness and poverty, he suffered social ostracism for what he thought 
to be the truth and only received a tardy appreciation years after 
his death. The work of Lamarck as a philosophical zodlogist 
parallels that of Erasmus Darwin so closely that it would almost 
seem as though the latter must have been the inspiration if not 
the source of Lamarck’s thought. The possibility of this, however, 
is stoutly denied by Packard, who states emphatically that La- 
marck was in no way indebted to Erasmus Darwin for any hints or 
ideas. Charles Darwin notes the similarity when he says: “It is 
curious how largely my grandfather, Dr. Erasmus Darwin, antic- 
ipated the views and erroneous grounds of opinion of Lamarck.” 

It is the latter’s Philosophie Zodlogique, published in 1809, which 
parallels Darwin’s Zoénomia most closely and contains the final 
statement of the author upon his evolutionary hypothesis, which 
was never developed beyond this point. 

Lamarck’s theory of the evolution of animals was not that change 
was the result of the direct action of the environment, but that the 
latter acted on internal structure through the nervous system. 
Herein he agrees with Erasmus Darwin. Darwin went still fur- 
ther, however, since he thought that plants could also react to 
environmental stimulus through their sensibility. Lamarck, on the 
other hand, thought that plants were directly influenced by their 
surrounding conditions, so that, while agreeing with the elder 
Darwin in regard to animal evolution, his views on that of plants 
were in accord with those of Buffon. Either theory, however, de- 
pending as it does upon the changes wrought upon the individual, 
implies the inheritance of acquired characters, a thing which La- 
marck assumed and never tried to prove; and, as we shall see, the 
whole fabric of his theory rests upon the possibility or impossibility 
of this one point: whether the new characteristics impressed upon 
the organism during its lifetime can be transmitted to its young. 
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Among the notable contributions of Lamarck to the science 
which concerns itself with living things were the term “Biology” 
(a word coined simultaneously by Treviranus) whereby that science 
is now designated; his conception that species vary under changing 
conditions; the theory of the fundamental unity in the animal king- 
dom; and the idea of a progressive and perfecting development of 
animals and plants. This last he says is due to a certain order 
originally imposed upon nature by its Author, which is manifest 
in the successive development of life. He denied, however, any 
idea of a perfecting principle in nature. In diametric opposition 
to Cuvier’s teaching, Lamarck denied all catastrophes in geology 
or sudden changes in organic life, but was an advocate of the 
Uniformitarian school, which believed in gradual change without 
any sharp breaks either in the continuity of terrestrial history or in 
the evolution of animals and plants. All that is needed to effect 
any evolutionary change, he held, is matter, space, and time. 

Lamarck also gives us the first real conception of the tree of life, 
or phylogeny. All classifications before his time had been simply 
a numerical succession of zodlogical groups arranged one above 
another. In Lamarck’s earliest attempt, published in 1802, he uses 
the vertical scale, which Osborn compares to a fir tree with central 
stem and radiating branches; but in 1809 he had arrived at the 
true conception of life as a tree branching from the roots into larger 
and smaller stems. In a later attempt in 1815 his tree is still 
branching, and he has realized the apparent isolation of the ver- 
tebrates, which present-day authorities are at a loss to connect 
with their invertebrate ancestry. With the development of his 
tree of life came the conception of extinction of past races of animals 
and plants. This Lamarck clearly understood as applied to the 
lower grades of organisms, but he could not imagine how so perfect 
a being as a mastodon could possibly become extinct except through 
the interference of mankind. He thought that as the lower forms 
evolved into higher or became extinct, they were replaced by the 
increasing creation of new beings. The persistence of certain 
primitive types was perplexing, but was explained by the apparent 
fact that in their own peculiar environment there had been but 
little change, and changing conditions were a sine qua non of ev- 
olution. 

In summing up Lamarck’s work, one must account for the small- 
ness of his influence upon evolutionary thought, for he had but a 
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single follower in all France. Locally, Cuvier’s prestige and his 
own blindness, which rendered his retirement necessary, were 
largely responsible. As Osborn says: “Lamarck, as a naturalist, 
exhibited exceptional powers of definition and description, while 
in his philosophical writings upon Evolution, his speculation far 
outran his observations, and his theory suffered from the absurd 
illustrations which he brought forward in support of it... . His 
critics spread the impression that he believed animals acquired 
new organs simply by wishing for them. His really sound specula- 
tion in Zodlogy was also injured by his earlier and thoroughly 
worthless. speculation in Chemistry and other branches of science. 
Another marked defect was, that Lamarck was completely carried 
away with the belief that his theory of the transmission of acquired 
characters was adequate to explain all the phenomena. He did not, 
like his contemporaries, Erasmus Darwin and Goethe, perceive and 
point out, that certain problems in the origin of adaptations were 
still left wholly untouched and unsolved. . . . His arguments are, 
in most cases, not inductive, but deductive, and are frequently 
found not to support his law, but to postulate it.” 

Lamarck’s place among scientists is not yet really established. 
He was undoubtedly a naturalist of the first rank, but as an evolu- 
tionist, although he later gained, especially in America, a large 
following, he cannot yet be placed, as the crucial point in his whole 
theory is still sab judice. 

E. Geoffroy St.-Hilaire (1772-1844), another Frenchman and 
a contemporary of Lamarck, was not, however, his follower but 
rather a disciple of Buffon, going back to the old factor of direct 
environmental influence as the sole cause of evolution. He antic- 
ipated a much later writer, De Vries, by teaching that transmuta- 
tion, or the change from one species to another, might be by sudden 
leaps or saltations, a theory which was in direct opposition to 
Lamarck’s belief in the slow deliberation of the process. St.-Hilaire 
believed, however, that these leaps took place, not in the adult 
but in the embryo, “hence the underlying causes of sudden trans- 
formation were profound changes induced in the egg by external 
influences, accidents as it were, regulated by law.” As a result 
of this belief in evolution per saltum it was not necessary to show 
the existence of intermediate forms, those perplexing “missing 
links” in the phyletic series, and.it also removed the objection that » 
interbreeding would speedily swamp new characters according to 
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the law of averages, because physiological isolation, which prevents 
indiscriminate mating, would thus be secured. While St.-Hilaire 
can with justice be called one of the founders of Evolution, his 
influence in its development was not as great as that of his con- 
temporaries. 

Charles Darwin (1809-1882) is beyond doubt the foremost 
figure in evolutionary history, not so much for the originality of his 
ideas, for they had already been largely anticipated by his pred- 
ecessors, but because of the abundant proof with which his state- 
ments were accompanied, proof based upon thousands of careful 
observations extending over a long term of years. Darwin’s won- 
derful, development and application of the inductive method, 
making theory everywhere subservient to fact, and the clarity 
and simplicity of his exposition made his arguments irresistible, 
and accomplished what none of those who went before him could 
possibly have done—the wide acceptance of his doctrine, not alone 
by biologists but by thinking men in general. While some of the 
so-called Darwinian factors, notably that known as sexual selection, 
are to a certain extent discredited in the light of our greater knowl- 
edge, the fact that Darwin’s work paved the way for the general 
acceptance of the truth of Evolution puts him at the forefront of 
the master minds whose contributions to the science made this 
acceptance possible. 

The story of Darwin’s life is well known. Born on the 12th of 
February, 1809, this emancipator of human minds from the shackles 
of slavery to tradition saw the light upon the very day that ushered 
in the life of Abraham Lincoln, the emancipator of human bodies 
from a no more real physical bondage. Darwin studied first at 
Edinburgh, but finding medicine unsuited to his tastes, entered 
Christ’s College, Cambridge, as a candidate for the church. His 
love of nature, however, dominated all other interests, and shortly 
after graduation an opportunity came to join the ship “Beagle” 
as naturalist in a voyage of exploration around the world. The 
five years spent upon this memorable journey, the narrative of 
which is so admirably set forth in the book A Naturalist’s Voyage 
around the World, resulted in the accumulation of the first of Dar- 
win’s great series of observations, the final decision to devote his 
life to zodlogical research, and the beginning of that illness which ° 
made him a life-long invalid. This last factor necessitated a retired 
life and thus proved of indirect benefit, as it enabled him to accom- 
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plish the immense amount of work which he did without being 
impeded by the distractions of a public career. A brief chronology 
of Darwin’s scientific and literary work, which had for its climax 
the appearance of the epoch-making Origin of Species, is as follows: 


1831-1836, Voyage of the “‘Beagle”’; 

1837, Beginning of the note-book for the collection of facts bearing 
upon variation in animals and plants; 

1838, Read Malthus on population 4 and conceived the idea of natural 
selection as the result of the struggle for existence; 

1842, Allowed himself briefly to set down his views for the first 
time; 

1844, Wrote a more elaborate statement of his progress which sets 
forth the main arguments which were later developed in the Origin of 
Species. These embraced the three principal factors of his theory: the 
struggle for existence, variation, and natural selection of those variations 
which conform with environmental need. He also developed the idea of 
sexual selection and attached more weight to the influence of external 
conditions and the inheritance of acquired characters than in the edition 
of the Origin of Species in 1859. This statement, amounting to 230 pages, 
was set apart together with the sum of £400 to £500 with which to publish 
it in case of the author’s sudden death; 

1856, Sent Sir Joseph Hooker, the botanist, his manuscript. He had 
now abandoned entirely the factors of Buffon and Lamarck and placed the 
utmost reliance upon the efficiency of natural selection as the prime factor 
in Evolution; 

1858, Received from a young man, Alfred Russel Wallace (1822-1913), 
a brief essay embodying a theory of Evolution of which, as in Darwin’s 
case, natural selection was the prime factor. And strangely enough, it 
was again Malthus’ essay, read by Wallace twelve years before, which 
stimulated the conception. At first, Darwin was inclined, out of chiv- 
alrous frieadship for the young man, to suppress his own laboriously 
elaborated work and to publish Wallace’s to the world. Fortunately 
the good counsels of his friends Hooker and Lyell prevailed and as a 
result a joint paper setting forth the views of both authors was read before 
the Linnean Society of London July 1, 1858. Then Darwin set to work to 
write the Origin of Species, which was prepared in a few months and pub- 
lished in 1859. 


‘Tn this essay Malthus shows that while the normal rate of human increase 
is according to a geometric ratio, space and the available food supply remain 
constant. Hence it follows that some very active agent or agents must be at 
work to keep down the surplus population; otherwise neither terrestrial space 
nor food would suffice for their support in a relatively brief period of time. 
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In the first edition of the book, he takes a somewhat less decided 
view of the efficacy of natural selection, believing it to have been, 
however, the principal but not the exclusive agent in Evolution. 
Selection, he says, works upon “chance”’ variations, but by this 
he does not mean fortuitous in the modern sense, but occurring 
according to laws of which we have no knowledge. As a result of 
his extensive observations upon domestic animals, Darwin grad- 
ually receded from his extreme views concerning the efficacy of 
natural selection and began to lean more and more toward La- 
marck’s teaching. In 1876 in a letter to Moritz Wagner he says: 
“When I wrote the Origin . . . I could find little good evidence 
of the direct action of the environment; now there is a large body 
of evidence, and your case of the Saturnia is one of the most re- 
markable of which I have heard.” 

In the sixth edition of the Origin of Species in 1880, Darwin gave 
the final expression of his belief in the following illuminating 
sentence: ‘‘This [modification of species] has been effected chiefly 
through the natural selection of numerous, successive, slight, 
favourable variations; aided in an important manner by the in- 
herited effects of the use and disuse of parts [Lamarckian factor]; 
and in an unimportant manner—that is, in relation to adaptive 
structures, whether past or present—by the direct action of ex- 
ternal conditions [Buffonian factor], and by the variations which 
seem to us in our ignorance to arise spontaneously.”’ 

Owing to Darwin’s invalidism and the gentleness of his char- 
acter, he left to others the championing of his cause, his chief expo- 
nent being Thomas Henry Huxley (1825-1895), himself a man of 
remarkable learning, forcible logic, and one of the great masters 
of written and spoken English, in every way admirably equipped 
to fight Darwin’s battles for him. Huxley’s contribution to Biology 
is, therefore, not alone his many admirable research productions 
in recent and fossil anatomy, but his service as an educator of the 
public in commanding the general acceptance of Darwin’s teaching. 

Since Darwin’s day, Evolution has been more and more generally 
accepted, until now in the minds of thinking men there is no doubt 
that it is the only logical way whereby the creation can be inter- 
preted and understood. We are not so sure, however, as to the 
modus operandi, but we may rest assured that the process has been 
in accordance with great natural laws, some of which are as yet 
unknown, perhaps unknowable. 
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“The world has been evolved, not created; it has arisen little 
by little from a small beginning, and has increased through the 
activity of the elemental forces embodied in itself, and so has 
rather grown than suddenly come into being at an almighty word. 
What a sublime idea of the infinite might of the great Architect! 
the Cause of all causes, the Father of all fathers, the Ens entium! 
For if we could compare the Infinite it would surely require a 
greater Infinite to cause the causes of effects than to produce the 
effects themselves. 

‘All that happens in the world depends on the forces that pre- 
vail in it, and results according to law; but where these forces and 
their substratum, Matter, come from, we know not, and here we 
have room for faith.”” (Erasmus Darwin, as interpreted by Weis- 
mann.) 
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CHAPTER II 


THe OrGANIC KINGDOM 


Physical Basis of Life 


Contrast between Living and Lifeless Matter.—The material 
universe is composed of a number of substances known to the 
chemists as elements, which rarely exist in a free, uncombined state, 
but usually in more or less intricate combinations, each element 
with one or more others. The same elemental substances make up 
the minerals and rocks, the water and atmosphere, on the one hand, 
and the bodily substance of all animals and plants on the other, the 
only difference being in the unique character and peculiar com- 
plexity of the chemical compounds we call organic, and not in 
the primal substances of which they are composed. 

The contrast between matter in the living and lifeless states is 
largely due to the presence in the former of a peculiar chemical 
compound known as a protein or albuminous substance, a highly 
complex union of many atoms of such common elements as carbon, 
hydrogen, oxygen, nitrogen, sulphur, and several others. Combined 
with the proteins are other “organic”? compounds, which, together 
with some water and certain salts, make up the highly organized 
substance, protoplasm, of which all living things are composed. 
Therefore, in its last analysis, the contrast between the mineral 
kingdom on the one hand, and the organic kingdom on the other 
depends not upon the power of movement nor of producing heat 
or light, nor of growth, nor of containing certain elements to the 
exclusion of the others, but merely upon the presence of protoplasm 
with its component protein. 

Huxley has called this protoplasm out of which all living beings 
are made the “‘physical basis of life,” because it constitutes the 
tangible substance which forms in itself or as a result of its activity 
the entire structure of any plant or animal. It is therefore the 
fundamental building material of the organism. 

Protoplasm may be studied from three points of view: its chem- 
ical make-up, its physical characteristics, and the peculiar physio- 
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logical or functional attributes which it possesses, and the sum of 
which constitutes that phenomenon we call life. All of the qualities 
manifested by an animal or plant, however high its degree of organi- 
zation, are only the qualities or their combination exhibited by pro- 
toplasm itself. There is no biologic proof of the presence of any 
“vital spark”’ or other life manifestation in addition to these char- 
acteristics of the physical basis of life. 

Chemical Characteristics of Protoplasm.—Chemists have re- 
solved protoplasm into some sixteen different elements; these are 
carbon, hydrogen, oxygen, nitrogen, sulphur, phosphorus, chlorine, 
fluorine, silicon, sodium, potassium, lithium, calcium, magnesium, 
iron, and manganese. Occasionally, possibly abnormally, copper 
and lead have been found in’ protoplasm; the former, however, 
exists regularly in the blood of certain lower animals. Of these 
elements only the first four are in relatively large quantities; the 
others, while apparently vitally important, are proportionally very 
minute in amount. 

Protoplasm has been subjected to repeated chemical analysis, 
but the question arises whether anyone has succeeded even in 
approximating the actual combination of the elements in the living 
material, for the most refined methods break down the high com- 
plexity of the protoplasm itself, leaving us simply the débris for 
actual examination. A very fair estimate of the amount and pro- 
portions of the elements may be learned by studying that which 
enters into the organism in the form of food and the waste resulting 
from its vital activities. 

The chemical compounds which compose protoplasm are con- 
veniently grouped as organic and inorganic. The organic ones are, 
first, the albuminous substances or proteins already referred to, 
containing carbon, hydrogen, oxygen, nitrogen, and sulphur, united 
into molecules of high complexity, the number of individual atoms 
being numbered by the hundreds. Protein has various forms such 
as albumin, globulin, fibrin, plastin, and nuclein; some of these, 
however, may be secondary products not resident as such in the 
actual living protoplasm. Briefly, the proteins are the nitrogen- 
containing compounds. 

An organism also contains two other groups of non-nitrogenous 
organic compounds known respectively as the carbohydrates or 
starches and sugars and the hydrocarbons or fats and oils. The 
former are composed of carbon, hydrogen, and oxygen, the ratio 
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of two atoms of hydrogen to one of oxygen, as in a molecule of water, 
being always maintained. The carbon atoms are always either 
six or some multiple of six in number. The hydrocarbons, as the 
name implies, contain mainly hydrogen and carbon and if oxygen be 
present, it is in relatively small proportion. These non-nitrogenous 
organic compounds have for their chief function the liberation of 
energy, whereas the proteins are the chief building material of the 
body but may under certain circumstances be energy-liberating 
also. 

Associated with the proteins in the protoplasm are various salts, 
such as potassium, sodium, and calcium phosphate, potassium and 
sodium chloride, magnesium sulphate, and certain other similar 
substances of doubtful significance. In addition to these, pro- 
toplasm contains a varying proportion of water, known as the 
“water of organization,” which aids its fluidity. 

Physical Properties of Protoplasm.—No matter what its source 
may be, whether plant or animal, protoplasm isa singularly uniform 
substance in general appearance. It may be described as grayish, 
viscid, semi-transparent, and semi-fluid. The grayish color is due 
to the presence of numerous granules in its substance; where these - 
are lacking it is hyaline or colorless and transparent. The granules 
may be in part secondary products in the protoplasm derived from 
the constant chemica] changes which it is undergoing and which 
will shortly be described. In addition to the granules, the pro- 
toplasm may contain vacuoles or spaces filled with a fluid, possibly 
containing food in process of digestion, possibly waste matters 
about to be discharged. Among the protoplasmic granules is a 
group differing from the first. These, when the protoplasm has 
been subject to a certain staining process, absorb the stain to a 
greater degree than the surrounding protoplasm. On account of 
their greater affinity for coloring matters, the substance of these 
granules has been called chromatin, and this, when concentrated into 
one or more bodies, forms the nucleus of the mass. The remaining 
protoplasm, when organized into the anatomical unit of structure 
known as a cell (see Fig. 1), is called the cytoplasm. Of these two 
protoplasmic substances, the nucleus and cytoplasm, the former 
seems to be of more vital moment to the cell, for the cytoplasm 
alone, separated from the nucleus, is unable to continue its existence. 
The nucleus regulates the vital processes of the cell, has impressed 
upon it the specific characters of the organism, and thus serves as 
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the vehicle of inheritance. Hence in the present state of our knowl- 
edge, the peculiar chromatin granules must be regarded as an 
integral part, perhaps even the most essentially and primarily 
important portion, of the living substance. 

The most powerful microscope fails to resolve protoplasm into 
its ultimate parts. Biologists, 
therefore, do not agree when the 
minute structure is discussed, 
some supposing it to consist of 
tiny granules embedded in a 
common _ matrix (granular 
theory), others regarding it as 
consisting of a tangle of delicate 
threads known as fibrille (filar 
theory) and containing the more 
fluid portions much as a sponge 
does water. Such a conception 


Fic. 1.—Diagram of a cell. c, chromo- 3 3 
somes; cf, centrosome; g, granules; NV, 4S the latter, however, is at vari- 


nucleus; , nucleolus; p, plastids; », vac- ance with the known fluidity of 


uole. Greatly enlarged. (After Wilson, 


from Schuchert’s Historical Geology.) the protoplasm as a whole, for 


while a sponge may contract and 
change its shape, it can not flow. On the other hand, to suppose 
the fibers to be fluid is also open to objection, since one fluid can 
not form a network supporting another. All of this simply empha- 
sizes the subtle character of this wonderful life substance, so com- 
plex chemically that it is apparently unanalyzable, and of so minute 
a structure as to be ultramicroscopic. And, with special lighting 
devices, microscopes have been made to resolve entities as small as 
one millionth of an inch! 

Physiological Properties of Protoplasm.—The physiological or 
functional properties of protoplasm are several, most of which are 
peculiar to it alone. These properties are best understood when one 
realizes that protoplasm is always, in both animals and plants, in 
the form of a cell, a single one of which may constitute the entire 
organism (Protozoa, Protophyta), or the latter may be composed 
of many cells varying in form and function. The physiological 
properties of protoplasm are, therefore, with some exceptions, 
those of the entire cell. 

Of these, the most conspicuous, perhaps, is the power of move- 
ment. In the plant cell, which generally has a rigid limiting wall, 
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this is usually merely a streaming of the contained protoplasm. 
The animal cell, on the contrary, is rarely thus limited, so that the 
cell, as a whole, may change its shape indefinitely as in the amoeboid 
movements manifested by certain of the lowest forms or by the 
white blood corpuscles in a man, or it may merely shorten in one 
dimension, as in one of the component cells of a human muscle. 

Another property is that of sensation or sensitzvity, the power 
to feel, which is manifested by movement, proving that the cell 
possesses irritability. While the resultant movement may be dis- 
proportionate to the stimulus, they generally bear a certain ratio 
to each other, and, up to a given point, an increased stimulus will 
cause a correspondingly greater movement. 

Two other closely correlated characteristics are, first, conductivity, 
by which stimuli are transmitted throughout the mass of the pro- 
toplasm. Touching one part of the cell may give rise to movement 
in a remote area. This conductivity is thus the means of commu- 
nication between one portion and another. The second of these 
characteristics is codrdination, which gives rise to purposeful move- 
ments such as the harmonious motion of the cilia or locomotor 
organs of a protozodn. Codrdination would be impossible without 
conductivity, and these two, together with irritability, constitute 
the animal functions in contrast to the vegetal ones which will be 
next described. 

Vegetal Functions of Protoplasm.—Of the vegetal functions, 
the first vital phenomenon is metabolism, divided into twoaspects, of 
which one is constructive metabolism, or anabolism (Gr. ava, up, 
and Bdddev, to throw)—the power on the part of the cell to 
utilize or assimilate food, briefly, to make it over into protoplasm 
similar to its own. The other is destructive metabolism or 
katabolism (Gr. kata, down, and Padre, to throw)—the disas- 
similation or breaking down of protoplasm into simpler compounds. 
This is always accompanied by the liberation of energy, which 
may take the form of the mechanical motion already referred 
to, or of heat, light, or electricity. If the anabolism, which 
represents the cell’s income, exceeds the katabolism, or expenditure, 
the result is growth. If the reverse be true, diminution of size 
. follows. , Growth is accomplished not as a mineral crystal grows, by 
the addition of material to its outer surface, or apposition; but by a 
much more intimate process known as intussusception (Lat. intus, 
within, and suscipere, to take up), whereby the nutrient material is 
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disseminated all through the substance of the cell. With a small 
cell, growth occurs up to an optimum of size for the organism, when, 
under ordinary conditions, it ceases to increase in size, but may 
increase in numbers, usually by the simple process of dividing into 
two. A partial explanation of this is that the organism’s ability to 
get food depends upon its surficial area, which increases with the 
square of its diameter, whereas its need of food depends upon its 
bulk, which increases with the cube. Hence, while in the minute 
cell the surface will suffice for its needs, as the cell grows its wants 
outrun its absorptive ability until an equilibrium is reached, beyond 
which increase in bulk can only be gained by a large increase in 
surface, which is most readily accomplished in a simple geometrical 
form by dividing it into two. This division constitutes, therefore, a 
sort of discontinuous growth, and forms one of the most essential 
of all protoplasmic attributes, the power of reproduction. 

While the entity of the parent-cell is thus lost, its life and its 
substance still exist in its offspring, hence it can not be said to have 
died, and the offspring will in turn pass on their life and substance 
to their offspring and so on as long as the line endures. In many 
lower forms of life this potential ‘‘zmmortality,” which is a further 
characteristic of protoplasm, is true of the entire organism. In 
higher forms, where a certain group of cells only is set apart for 
reproduction, they alone possess this attribute, the remaining 
tissues of the body dying when the individual span of life is com- 
plete. 

This protoplasm, unanalyzable, ultramicroscopic, endowed with 
all of the qualities of the highest animal or plant—metabolism, 
movement, irritability, adaptability, growth, reproduction, and 
such “immortality” as has sufficed to continue unbroken the 
slender chain of existence from the beginning of life on earth, and 
will so long as life endures—is one of the greatest wonders of the 
world! 


Simple Life Processes as Illustrated by Paramecium 


Many of the life processes of protoplasm have been summarized 
in the foregoing sentence, but a clearer conception of them may be 
gained by a concrete example, such, for instance, as the protozoén 
Paramecium, the so-called slipper animalcule. This organism is 
chosen as it is relatively large and easily procured from stagnant 
pond water, and like places. Professor Woodruff, through having 
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bred more than five thousand generations in the Yale laboratory, 
has made it virtually a domestic animal. 

Structure.—Paramecia ' are minute unicellular forms just on 
the verge of invisibility, for when a drop of water containing them 
is held up to the light, they can be seen with the naked eye as tiny 
white motes moving in every di- 
rection. Under a microscope, Par- 
amecium (see Fig. 2) is seen to be 
an elongated body tapering toward 
either end, with the forward ex- 
tremity somewhat rounded. On 
one side there is a pronounced de- ©? 
pression, the oral groove, at the 
depth of which is a short tubular 
gullet leading into the substance of 
the cell. Externally the animal is ™¢ 
uniformly clothed with hair-like 
structures known as cilia which, by 
bending swiftly in one direction, 
followed by a slow recovery, cause 
it to progress. Cilia also line the 
mouth depression and the gullet. 
Here their function is not locomo- 
tor but prehensile, that is, to aid in 
securing food. 

Within, Paramecium shows sev- 
eral important structures embedded ; 

: A Fic. 2—Paramecium caudatum. c. 
in the granular protoplasmic MaSS. ygc, contractile vacuole; f. vac, food 
Of these the most conspicuous are vacuole; g, gullet; mes, meganucleus; 
the food vacuoles, spherical spaces HORE TIRE Cn ety HEMI Se 
containing water, food particles, 

and certain digestive ferments. These food vacuoles are tempo- 
rary ‘‘stomachs,” having their origin at the end of the gullet, 
where they are formed merely by forcing a drop of water with 
its contained food particles into the protoplasm. Other struc- 
tures are the contractile or pulsating vacuoles, one at either end 
of the body, with a central cavity and radiating spaces extend- 
ing into the surrounding protoplasm. The radial canals absorb 


meq. 


c. vac 


1 There are two common species of Paramecium, P. aurelia and P. caudatum, 
but for the purpose in hand it is unnecessary to discriminate between them. 
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moisture and waste products from the cell until they are distended, 
and then discharge them into the central vacuole, the latter dilating 
as the radial spaces diminish. When the central cavity is full, it 
forcibly contracts, voiding its contents through the ruptured cell 
surface into the surrounding medium. The two pulsating vacuoles 
contract rhythmically and alternately. 

Within the mass of the cell at about its center lies the essential 
nucleus, a compound structure composed of chromatin and con- 
sisting of a greater meganucleus and a lesser micronucleus. The 
latter is, however, the more important in reproduction, while the 
former has to do with metabolism. 

Locomotion.—The physiological processes seen in Paramecium 
are essentially like those of the highest forms and may be conven- 
iently grouped under two headings, the animal functions of locomo- 
tion and response to stimuli, and the vegetal functions of nutrition, 
growth, and reproduction. Locomotion is effected by movements 
of the cilia which bend sharply toward the rear of the animal, and 
thus sweep the creature forward. Then they relax, and the relative 
slowness of this movement offers comparatively little resistance 
to the water and hence does not appreciably check the creature’s 
way. Paramecium swims rapidly forward, rotating slightly on its 
long axis as it goes, and seems to make purposeful movements. 

A careful study of its behavior, however, makes it evident that its 
movements are governed by certain fixed rules, so that they may 
be predicted in advance with more or less certainty. Ifin its onward 
course Paramecium strikes any obstacle, the cilia reverse their ac- 
tion and the animal moves backward a certain distance. It then 
reverses once more, changes its direction somewhat toward the 
ventral side or that which bears the mouth, goes ahead again, and 
may clear or once more strike the obstacle, according to chance. 
But its movements are not all in one plane of space, because of the 
rotation upon its axis, which causes the ventral side to face in any 
direction at the beginning of its forward motion, to the right or 
left or up or down, as the case may be, and thus increases several 
fold the chances of avoiding the object. 

Nutrition has for its objects the increase of bodily substance or 
growth, and the replacement of that which is consumed in the pro- 
duction of energy. It is not a simple process even in Paramecium, 
for it consists of a number of distinct steps, of which the first is 
ingestion, the securing of food. This is accomplished by means of 
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the cilia lining the mouth depression and gullet, which sweep in any 
nutrient material such as the bacteria or other organic particles in 
the surrounding water. These are forced into the protoplasm at 
the bottom of the gullet which, giving way before their entrance, 
forms a food vacuole. Into this there comes the digestive fluid 
whereby the nutrient material is extracted from the food, consti- 
tuting the step known as digestion. The nutrient material is then 
absorbed from the vacuole into the adjacent protoplasm and is 
assimilated (anabolism) in the manner above described. During 
the process of digestion and absorption the food vacuole has been 
carried in the streaming protoplasm, first toward the posterior end 
of the body, then forward along the dorsal side to the anterior end, 
then backward past the mouth until it reaches an egestive area, 
not an actual aperture, but a region where the integument is easily 
ruptured, and here the food vacuole breaks forth into the surround- 
ing medium, carrying the residue of contained water and the in- 
digestible food refuse. This process is known as egestion, and the 
movement of the vacuole throughout the body for the distribution 
of the food corresponds to circulation in a higher form. 

Katabolism or disassimilation is continually in operation to pro- 
duce all of the mechanical changes or movements which the organ- 
ism undergoes. This energy is produced through an oxidizing, or 
physiologicai burning, of the protoplasm, the oxygen being derived 
from that dissolved in the surrounding water by the process of 
respiration. No special respiratory organ is present, the whole sur- 
face of the animal serves instead. This oxidizing of the protoplasm 
breaks it down into a number of simpler compounds, the reduction 
being accompanied by the liberation of energy; but there remains 
the effete material to be eliminated and this is done by the process 
of excretion. The excretory products constitute the bodily waste 
in contradistinction to the food refuse which has never been prop- 
erly a part of the animal’s substance. They usually take three 
forms: carbonic acid gas (COz), which is eliminated through the 
surface of the body and by contractile vacuoles; water excreted by 
the contractile vacuoles; and nitrogenous wastes, which are elim- 
inated by the same mechanism, in solution in the water. 

Reproduction in Paramecium is effected in the simplest possible 
manner by the transverse division of the cell, each half developing 
the parts which are lacking and reorganizing into a perfect animal. 
Previous to the division of the cell, however, the micronucleus has 
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divided by a very complex process known as mitosis (Gr. pitos, 
thread), whereby the halving of the chromatin is done with the 
utmost nicety, so that not only does each daughter cell get its full 
quota of nuclein, but each tiny portion is equally divided between 
them. Thus generation after generation of Paramecium is pro- 
duced, each undergoing its life cycle of youth, maturity, and 
reproduction. 

Conjugation.—Occasionally, however, reproduction is preceded 
by a process known as conjugation. This is effected by the coming 
together of two individuals which form a temporary union by their 
ventral sides but without actual fusion of substance. In Para- 
mecium caudatum the meganucleus then breaks up into small bodies 
and disappears. The micronucleus, on the other hand, divides into 
two daughter micronuclei, each of which divides again, two of these 
disappear and the remaining ones are known respectively as the 
stationary and active pronuclei. Each active pronucleus then 
migrates over into the other Paramecium where it unites with the 
latter’s stationary pronucleus to form a new nuclear body which 
consists of equal portions of nuclein from each conjugating cell. 
The animals then separate and each nucleus divides and forms new 
micro- and meganuclei. 

The chief purpose of this conjugation would seem to be biparental 
inheritance, to increase the range of variation and hence adapt- 
ability by combining in the offspring the characteristics and 
experiences of two more or less remote ancestral lines. Other ex- 
planations have been offered which may or may not be true, but 
the almost universal occurrence of conjugation points at any rate 
to the fact that it fulfils some very vital function in organic econ- 
omy. 


Food Supply of Organisms 


The question naturally arises as to the source of the highly com- 
plex compounds which form the bulk of protoplasm, for clearly 
they do not exist as such in the mineral kingdom} nor can an animal 
manufacture them. Plants, therefore, must be the constructive 
chemists of nature, although they can not utilize inorganic matter 
in its elemental condition. Having given, however, water, carbonic 
acid gas, and certain nitrogenous compounds comparable to ammo- 
nia, the green or chlorophyl-bearing plant im the presence of sun- 
light—the ultimate source of all organic energy—can construct the 
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proteins, sugars, fats, in fact, all the complex food materials nec- 
essary for the sustenance of the animal. The animal itself, on the 
other hand, is limited in its constructive power, and is mainly 
destructive. Its only source for the highly necessary nitrogen is 
the proteins, which it must have ready made, or starve; all it can 
do is to modify the form of the material somewhat, and transmute 
plant protoplasm into animal. 

Huxley in his address on the physical basis of life, delivered in 
1868, summarizes the interrelation of animal and plant protoplasm, 
emphasizing first of all the oneness of the physical basis of life. 
“Think,” he says, “of the microscopic fungus—a mere infinitesimal 
ovoid particle, which finds space and duration enough to multiply 
into countless millions in the body of a living fly, and then of the 
wealth of foliage, the luxuriance of flower and fruit, which lies be- 
tween this bald sketch of a plant and the giant pine of California, : 
towering to the dimensions of a cathedral spire, or the Indian fig, 
which covers acres with its profound shadow, and endures while 
nations and empires’ come and go around its vast circumference. 
Or, turning to the other half of the world of life, picture to your- 
selves the great Finner whale, hugest of beasts that live, or have 
lived, disporting his eighty or ninety feet of bone, muscle, and 
blubber, with easy roll, among waves in which the stoutest ship 
that ever left dockyard would flounder hopelessly [hardly true in 
these days of giant liners]; and contrast him with the invisible 
animalcules—mere gelatinous specks, multitudes of which could, 
in fact, dance upon the point of a needle with the same ease as the 
angels of the Schoolmen could, in imagination. With these images 
before your minds, you may well ask, what community of form, 
or structure, is there between the animalcule and the whale; or 
between the fungus and the fig-tree? And, a fortiori, between all 
four?” 

Huxley speaks, further, of man’s power of assimilating the dead 
protoplasm of any animal or plant and thus transforming it into 
his own living substance. He says: 

“Hence it appears to be a matter of no great moment what 
animal, or what plant, I lay under contribution for protoplasm, 
and the fact speaks volumes for the general identity of that sub- 
stance in all living beings. I share this catholicity of assimilation 
with other animals, ali of which, so far as we know, could thrive 
equally well on the protoplasm of any of their fellows, or of any 
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plant; but here the assimilative powers of the animal would cease. 
A solution of smelling-salts in water, with an infinitesimal propor- 
tion of some other saline matters, contains all the elementary bodies 
which enter into the composition of protoplasm; but, as I need 
hardly say, a hogshead of that fluid would not keep a hungry man 
from starving, nor would it save any animal from a like fate. An 
animal can not make protoplasm, but must take it ready-made from 
some other animal, or some plant—the animal’s highest feat of 
constructive chemistry being to convert dead protoplasm into that 
living matter of life which is appropriate to itself. 

“Therefore, in seeking for the origin of protoplasm, we must 
eventually turn to the vegetable world. A fluid containing car- 
bonic acid, water, and nitrogenous salts, which offers such a Bar- 
mecide feast to the animal, is a table richly spread to multitudes of 
plants; and, with a due supply of only such materials, many a plant 
will not only maintain itself in vigour, but grow and multiply until 
it has increased a million-fold, or a million million-fold, the quantity 
of protoplasm which it originally possessed; in this way building up 
the matter of life, to an indefinite extent, from the common matter 
of the universe.”’ 

“Thus, the animal can only raise the complex substance of dead 
protoplasm to the higher power, as one may say, of living proto- 
plasm; while the plant can raise the less complex substances— 
carbonic acid, water, and nitrogenous salts—to the same stage of 
living protoplasm, if not to the same level. But the plant also has 
its limitations. . . . A plant supplied with pure carbon, hydrogen, 
oxygen, and nitrogen, phosphorus, sulphur, and the like would 
as infallibly die as the animal in his bath of smelling-salts, though 
it would be surrounded by all the constituents of protoplasm.” 
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CHAPTER III 
CLASSIFICATION OF ORGANISMS 


Kinds of Classification.—Animals (or plants) may be grouped 
together for convenience of study in one of two ways: they may be 
classified taxonomically (Gr. ra&s, arrangement, and vépos, 
law) (zodlogically or botanically), according to actual blood rela- 
tionships, or from the standpoint of their life conditions. The latter 
classification may be called bionomic, 7. e., in accordance with the 
laws of life. The adaptive response on the part of two unrelated 
organisms to similar environmental conditions may give rise to 
convergences, wherein organisms come to resemble each other so 
closely that they have sometimes been actually classed together. 
The distinction between convergent and homogeneous (i. e., of the 
same race) organisms is often a matter of extreme difficulty. 

When the classification is based upon living organisms only, 
errors are also apt to occur, for groups of animals which to-day stand 
entirely isolated are shown to be related when their fossil ancestry 
is known. Zodlogical classification depends therefore in a measure 
upon Paleontology or the study of ancient life, while bionomic 
classification is largely a recent science. 


ZOOLOGICAL CLASSIFICATION 


As in a military organization armies are divided into smaller 
and smaller subdivisions—brigades, regiments, battalions, and 
companies—so the organic world is divided into corresponding 
groups which, while increasing in number, lessen in importance as 
one descends the scale. An understanding of these divisions is 
necessary to our work. 

Kingdoms and Subkingdoms.—The organic world is made up 
of two types of organisms, animals and plants, the first character- 
ized in general by a more active, sentient life, the others passive, 
lacking in muscular and nervous systems, almost inert. These two 
groups of organisms are known as kingdoms, and constitute the 
‘first subdivision of the world of life. The kingdoms are in turn 
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divided into subkingdoms, though here there is some difference of 
usage. These subkingdoms are comparable in that each is made up 
of unicellular organisms on the one hand, Protozoa (Gr. 7péTos, 
first, and ov, animal) or Protophyta (Gr. mp@ros, first, and 
gurov , plant) as the case may be, and multicellular organisms 
on the other. To the latter the zodlogists have given the name 
Metazoa (Gr. peta, after, and G#ov, animal), but there is no 
equivalent term in general usage applied to the plants. 

Phyla.—Subkingdoms in turn are divided into phyla or types. 
Both terms are objectionable, as each has more than one meaning, 
but the term phylum (Gr. @dAor, race, tribe) is the one in general 
use in this sense. The Protozoa constitute but one phylum, while 
of the Metazoa there are at least eleven such groups of forms, as, 
for instance, the molluscs, arthropods, and vertebrates, each sep- 
arated from the others by very distinctive characteristics, in that 
their ground plan of structure differs widely in each case. Thus, 
the molluscs have a soft, unsegmented body with no trace of 
locomotor skeleton, while the arthropods and vertebrates are both 
segmented and possess locomotive hard parts, but with the distinc- 
tion that in the arthropods the skeleton is external while in the 
vertebrates it is principally internal, the body being stiffened 
longitudinally by an axis known as the vertebral column. 

Classes and Families.—Phyla are divided into classes, such as 
the fishes, reptiles, birds, and mammals among vertebrates; and 
these in turn into families, genera, species, and varieties. Extrem- 
ists in classification use the prefixes sub- or super- to signify groups 
somewhat more or less restricted than the unqualified name would 
imply; thus, a class may include subclasses and these in turn super- 
families, families, and subfamilies before the genera are reached. 

Genera, Species, and Varieties.—The chief object of our study 
being the origin of species, an adequate conception of a species is 
necessary. While biologists have not yet succeeded in arriving at 
a unanimity of opinion as to just what constitutes a species, the 
general conception of a kind of animal or plant to which a definite 
name has been given, such as a red fox, timber wolf, coyote, or 
jackal, just about expresses the idea. A species therefore is a group 
of individual animals or plants resembling each other very closely, 
not only in broad features but in minute detail as well. In general 
they are such as can breed together and produce fertile offspring, 
which in turn may reproduce. This was Huxley’s great test of a 
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Fic. 3.—Varieties of Paludina. Gradational series: the extremes, Nos. 1 and 17, 
would constitute separate species were the means, Nos. 2 to 16, not living contemporane- 
ously. (After Neumayr.) 


species, but does not always hold true. The two species of camel, 
Camelus dromedarius and C. bactrianus, will breed together; and the 
llama, Auchenia glama, will breed with the alpaca, A. pacos, and 
the offspring are fertile. This is also true of several species of deer 
and of certain of the Bovide, such as the zebu, Bos indicus, and 
the gayal, Bibos frontalis; furthermore, the result of such a cross was 
bred to an American buffalo, Bison americanus, and produced a 
calf, the result of a triple alliance, not only of distinct species, but, 
according to our present definition, of three distinct genera (Bart- 
lett). Sometimes forms which are quite different, as certain snails, 
and which might well be considered different species, nevertheless 
grade into each other if a sufficient series be found and placed in 
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orderly sequence (Fig. 3). The extremes would be species if the 
means of the series did not exist; as it is, they are varieties. Vari- 
eties may be arranged in gradational series, each differing from the 
next in very minute detail. Species do not so’intergrade into each 
other. Were the annectant varieties blotted out by extinction so 
that only the extremes of the series survived, the latter would then 
become separate species. Hence one rather poetic definition of 
species likens them to “islands in a sea of death.” All of the dog- 
like forms which were mentioned by way of illustration, with the 
exception of the fox, show specific differences, but any one would 
at once see a great many important resemblances which seem to 
imply a very close degree of relationship among them all. If they 
were bred together, however, the offspring would probably prove 
infertile, as in the case of the domestic mule, whose parents are the 
horse and ass. The various wolves and the jackal on the one hand 
and the horse and ass on the other belong in each case to the same 
genus but to different species. 

This conception of genera and species was first clearly stated by 
Linnzus (page 8), who gave to each animal and plant with which 
he was familiar a double name in Latin form, although often de- 
rived from the Greek or other languages. These names imply 
relationship, for the first is that of the genus to which the form 
belongs, while the second indicates its species. Thus the scientific 
name of the timber wolf is Canis lupus, of the coyote Canis-latrans, 
of the jackal Canis aureus; but the red fox bears the name Vulpes 
vulgaris, showing it to be not only a separate species but a different 
genus as well. All of these, however, are dog-like forms and hence 
belong to the widespread family Canidae. This family, together 
with the cats, bears, weasels, and various other animals, is carniv- 
orous, with teeth of a peculiar sort, and to all such forms Linneus 
gave the class name Fere, of which the modern equivalent is 
Carnivora. 

To revert to the definition of species once more, Webster thus 
defines it: “A more or less permanent group of existing things or 
beings, associated according to attributes, or properties deter- 
mined by scientific observation.” In general the idea of perma- 
nence is implied, but only while conditions remain the same; 
changing conditions, either through the migration of the animal 
to a new home or an actual change, climatic or otherwise, in the 
old one, will react upon the species and thus alter its characteristics. 
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There may also be a gradual change in the organisms in non- 
essential things in the course of time, even with practically un- 
changing conditions, especially where isolation of lines is estab- 
lished, as in the case of the various varieties and species of land 
snails in the radiating valleys in the islands of Tahiti (Crampton). 
A species has also been defined as “‘a stage in the evolution of a 
race.” The species has already been spoken of as an island and the 


genus may be called an archipelago in a sea of death (Jordan and 
Kellogg). 


Classification of Animals 


(Modified from Parker and Haswell) 


ANIMAL KINGDOM 


Subkingdom protozoa (Gr. mpa7os, first, and GGov, animal). Uni- 
cellular, solitary or colonial organisms of minute size, without separate 
tissues composed of cells. 

Phylum {. Protozoa. With the characteristics of the subkingdom. 

Class I. SarcopinA (Gr. odpé, flesh). Without external cell-wall. 
Locomotor organs pseudopodia. Frequently with a calcareous shell or a 
siliceous skeleton. 

Lobosa (Gr. AoBds, lobe). With blunt or lobe-like pseudopodia. 
Naked (Ameba), or shelled (Arcella, etc.). Marine and fresh-water; 
sometimes parasitic. 

Foraminifera (Lat. foramina, holes, and ferre, to bear). Calcareous 
shell, generally with numerous fine apertures. Pseudopodia fine, branch- 
ing or anastomosing. - Marine and fresh-water. 

Radiolaria (Lat. radiare, to radiate). Siliceous shell, delicate, lace-like. 
Fine ray-like pseudopodia with central axis. Marine. 

Class II. Masticopuora (Gr. paoriE, whip, and ¢épew, to bear). 
Body with limiting membrane. Locomotion by means of one or more 
whip-like flagella. Solitary or colonial. Some flagellate forms show 
certain plant-like characteristics, notably in the presence of chlorophyl, 
or leaf-green. Thus they are variously claimed by both zodlogists and 
botanists. Certain members of this group lie upon the frontier between 
the plant and animal kingdoms. 

Class III. Inrusorta (Lat. infusorium, because some species are abun- 
dant in certain infusions). With limiting membrane. Locomotor organs, 
when present, numerous hair-like cilia (Ciliata), as in Paramecium. 
Non-locomotor Suctoria possess tentacles terminating in adhesive knobs, 
etc., for securing food. 
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Class IV. Sporozoa (Gr. o7épos, seed, and Gov, animal). Par- 
asitic Protozoa with complicated life histories. The young are generally 
reproduced in the form of spores. Locomotor organs usually absent. 
Many human scourges, such as malaria, are caused by Sporozoa. 

Subkingdom metazoa (Gr. merd, after, and ¢@ov, animal). Mul- 
ticellular animals with definite tissues composed of cells, among which 
there is division of labor. Reproduction by means of ova and sper- 
matozoa (sexual) the rule, although asexual reproduction does occur. 

Phylum I. Porifera (Lat. porus, pore, and ferre, to bear). Sponges. 
Plant-like organisms, motionless, without tentacles. With a more or 
less complicated internal canal system and with inhalent and exhalent 
pores. Simple or colonial. In the more complicated sponge stocks the 
individuals can no longer be distinguished. Skeleton, when present, 
consisting of calcareous or siliceous spicules or of chitinous (horny) fibers 
(spongin), sometimes reinforced by siliceous spicules. Commercial 
sponges possess a chitinous skeleton without the supporting spicules. 

Phylum II. Coelenterata (Gr. kotAos, hollow, and évtepov, intes- 
tine). Hydroids, jellyfishes, coral polyps, etc. Radially symmetrical 
animals, generally with tentacles and stinging cells. With one internal 
cavity functioning both for circulation and the digestion of food. 

Class I. Hyprozoa (Gr. vdwp, water, and {@ov, animal). Polyps 
with a simple internal cavity, either simple (Hydra) or forming more or 
less complex colonies (hydroids) in which there is division of labor among 
the various individuals (zodids). The reproductive zodids take the form 
of medusoid buds which may become detached from the colony as free- 
swimming meduse (Gr. Médovoa, Medusa) (jellyfish). 

Class II. ScypHozoa (Gr. oxvdos, cup, and Gov, animal). Ccelen- 
terates in which the medusz are large and dominant. Thereis no hydroid 
colony, but the medusz are generally derived from minute polyps known 
as scyphule. 

Class III. Acrinozoa (Gr. axtis, ray, and Q@ov, animal). Corals. 
Polyps with complicated internal cavities and with no free-swimming 
meduse. They may be either fleshy (sea-anemones) or secrete a horny or 
calcareous skeleton (corals). Solitary or colonial, the latter sometimes 
becoming massive coral stocks, aggregates of which form extensive reefs 
or islands. i 

Class IV. CrenopHora (Gr. xreés (kr&-), comb, and ¢déepev, to 
bear). Comb-jellies. Pelagic ccelenterates which progress by means of 
rows of comb-like swimming plates formed of fused cilia. More or less 
ovoid to band-like in shape, and generally provided with two tentacles 
which bear adhesive, instead of stinging, cells. Never colonial, and 
exclusively marine. 

Phylum III. Platyhelminthes (Gr. zAarvs, flat, and «Amis, worm). 
Flatworms. Bilaterally symmetrical animals, flattened dorso-ventrally, 
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the body cavity filled with a tissue called parenchyma. Digestive 
and other systems generally much branched. The free-swimming 
Turbellaria (Lat. turba, whirling) have ciliated contractile bodies, while 
the parasitic forms are not ciliated as adults. Those of the latter 
which are of simple form are known as Trematodes (Gr. tpyparddns, 
having holes), while the elongated, segmented tapeworms, without 
_ digestive system, are called Cestoda (Gr. xeords, girdle). 

Phylum IV. Nemathelminthes (Gr. via, thread, and éypus, 
worm). Threadworms. Cylindrical, worm-shaped animals with a body 
cavity. Many are parasitic and may lose the intestinal canal. 

Phylum V. Trochelminthes (Gr. tpoxés, wheel, and €Apws, worm). 
Wheel animalcules. Variously shaped organisms of minute size, some- 
times sedentary, again swimming by means of ciliated bands which may 
resemble revolving wheels, hence rotifers (Lat. rota, wheel, and ferre, 
to bear). 

Phylum VI. Molluscoidea (Lat. molluscum, mollusc, and Gr. «i8os, 
form). Lamp-shells and sea-mosses. Attached, bilaterally symmetrical, 
unsegmented animals, with a crown of ciliated tentacles or spirally 
rolled arms. 

Class I. Bryozoa (Gr. Bpvov, moss, and ¢@ov, animal) or Polyzoa 
(Gr. wodvs, many). Sea-mosses. Minute animals usually encased in 
chitinous tubes or “‘cells.”’ Generally colonial and often resembling 
superficially a hydroid or an alga. 

Class II. Bracutopopa (Gr. Bpaxfwy, arm, and 7rovs, foot). Lamp- 
shells. Marine forms with a bivalve shell, thus resembling the true 
molluscs (clams and mussels). In the brachiopods, however, the 
shell valves are dorsal and ventral, whereas in the molluscs they are 
lateral. The mouth lies between two ciliated spiral arms which rest 
closely coiled within the shell. Numerous in geologic time, compar- 
atively few living. 

Phylum VII. Echinodermata (Gr. éxivos, sea-urchin, and dépya, 
skin). Spiny-skinned animals. Marine, radially symmetrical forms 
whose parts are in multiples of five. With a calcareous skeleton varying 
in its development from minute scattered plates to a complete shell. 
Locomotion by means of a water-vascular or ambulacral (Lat. ambulac- 
rum, walk) system which is peculiar to the group. Never parasitic nor 
colonial. 

Class I. Asterorpea (Gr. doryp, star, and «Sos, form). | Starfishes. 
With a pentagonal or star-like body formed of a central disc and five 
(or more) radiating arms. 

Class II. Ecutnorpea (Gr. éxivos, sea-urchin, and «dos, form). 
Sea-urchins and sand-dollars. Spheroidal, oval, or disc-shaped forms 
with a solid test or corona beset with numerous spines. 

Class III. Horornurowea (Gr. dAoovpiov, zodphyte, and «ids, 
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form). Sea-cucumbers. Oval or worm-like, with leathery body-wall 
containing minute plates or spicules. A crown of retractile tentacles 
around the mouth. 

Class IV. Crrnorea (Gr. kpivov, lily, and «ides, form). Sea-lilies 
or feather-stars. Stalked echinoderms, with many-branched arms. 
Some (Comatula) become secondarily free. Formerly numerous, now 
relatively rare. 

There are two wholly extinct.classes, the CysTomIpEA and BLASsToIDEA, 
somewhat similar to crinoids. 

Phylum VIII. Annulata (Annelida) (Lat. annulus, ring). Segmented 
worms. Primitive, worm-like forms, with ring-like or somewhat flattened 
segments, and without jointed limbs. Marine worms, earthworms, and 
leeches. 

Phylum IX. Arthropoda (Gr. dp@pov, joint, and -rovs, foot). 
Arthropods. Bilaterally symmetrical, segmented animals, with jointed 
appendages. Body encased in an exo-skeleton of chitin often more or 
less hardened by calcareous salts. 

Class I. CrustacEa (Lat. crusta, shell). Crabs, lobsters, and barnacles. 
Aquatic arthropods, with two pairs of antenne and numerous appendages. 
Breathing generally by means of “‘gills.”” A few secondarily adapted to 
terrestrial life. The majority free-living, some fixed or even parasitic. 

Class II. ARAcHNIDA (Gr. dpdyvyn, spider). Spiders and scorpions. 
Exo-skeleton chitinous, four pairs of legs. Air-breathers, except the 
horseshoe crab (Limulus), often with silk-spinning and poison glands. 
Free-living or rarely parasitic, never sedentary. 

Class III. Myriapopa (Gr. pvpios, countless, and ovs, foot). 
Centipedes and millipedes. Numerous similar body segments, each bear- 
ing one or two pairs of legs. Air-breathers, some armed with poison fangs. 

Class IV. Hexapopa (Gr. &, six, and zovs, foot). Insecta (Lat. 
insectus, cut up). Insects. Body divided into three distinct regions: 
head, thorax, and abdomen, of which the second bears three pairs of legs 
and usually two pairs of wings. The higher insects undergo a complex 
metamorphosis. This class includes the most highly diversified and by 
far the most numerous of all animals, living under almost every con- 
ceivable condition of life. 

Phylum X. Mollusca (Lat. mollis, soft). Molluscs. Bilaterally 
symmetrical, unsegmented animals, without locomotor skeleton, but 
with a more or less developed fold of the body-wall known as the mantle, 
and a variously formed shell composed chiefly of calcium carbonate. 

Class I. Petecypopa (Gr. eAekvs, hatchet, and rovs, foot). Bivalves; 
clams, oysters, mussels, etc. Shell consisting of two lateral valves con- 
nected by an elastic hinge ligament. Fixed or free, fresh-water or marine. 

Class II. Gastropopa (Gr. yaor7p, stomach, and movs, foot). Uni- 
valves; snails, etc. With a variously developed and ornamented, gen- 
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erally spirally twisted shell, and an expanded creeping foot. Free-living, 
salt- and fresh-water, some terrestrial. 

Class III. CepHatopopa (Gr. xepady, head, and zovs, foot). Squid, 
octopus, nautilus, etc. With distinct head which has a circle of arm- 
like processes, sometimes bearing tentacles, sometimes hooks or suckers, 
and the equivalent of the foot of other molluscs. Shell variable; may be 
absent (octopus), or may be a large, spirally coiled, chambered structure 
(nautilus) which in some extinct forms was highly complex. Marine. 
Some of immense size. 

Phylum XI. Chordata (Lat. chordatus, having a cord). Chordate 
animals. Bilaterally symmetrical, generally segmented animals with a 
perforated pharynx (gill-slits), a hollow, dorsally situated nerve-cord, 
and an axial, stiffening notochord which is generally replaced by the 
vertebral column. 

Subphylum and Class I. Hemicnorpa (Gr. me-, half, and xopdy, 
cord). Balanoglossus, etc. Small worm-like animals with rudimentary 
notochord. Marine. Semi-sedentary. 

Subphylum and Class II. Urocuorpa (Gr. odpa, tail, and xopdy, 
cord). Tunicates or sea-squirts. Generally sedentary marine animals 
which are free-swimming at least during larval life, when they possess 
a notochord in the tail. The adult is enclosed in a mantle or ‘‘tunic” 
which may contain cellulose, a substance rarely found in the animal 
kingdom. Generally with retrogressive metamorphosis. 

Subphylum IIT. VERTEBRATA (Lat. vertebratus, jointed). Back-boned 
animals. 

Section A. acrantA (Gr. 4-, without, and xpaviov, skull). Ceph- 
alochorda (Gr. xepady, head, and xopdy, cord). Skull-less, notochord 
running to end of snout. Blood colorless. Including only the little 
lancelets, Amphioxus, etc., found burrowing in sand near the shore. 
Nearest the ancestral vertebrate of any living form. 

Section B. crantaTa (Gr. kpaviov, skull). Skull-bearing vertebrates, 
with red blood. 

Class I. Cyclostomata (Gr. xvkXos, circle, and oréua, mouth). Lam- 
preys and hag-fishes. With suctorial mouth armed with chitinous 
teeth, and no jaws. Elongate, eel-shaped forms, without paired fins. 

Class II. Pisces (Lat. piscis, fish). Fishes. Aquatic, generally scaly 
or armored, with paired and unpaired fins. Breathing by means of gills, 
sometimes with accessory lung-like organs. Cold-blooded, usually 
oviparous (egg-laying) forms. 

Elasmobranchii (Gr. éAaopos, plate, and Bpayxia, gills). Sharks and 
rays. 

Dipnoi (Gr. &:-, doubly, and mveiv, to breathe). Lung-fishes. 
Ganoidei (Gr. ydvos, brightness, and «dos, appearance). Ganoid or 


armored fishes. 
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Teleostei (Gr. TéAeos, complete, and éaréov, bone). Modern bony fishes. 

Class III. Amphibia (Gr. auiBros, living a double life). Frogs and 
salamanders. Cold-blooded, naked and slimy or armored, with paired 
fins transformed into terrestrial hand-like limbs; unpaired fins, when 
present, never supported by fin rays. Oviparous. Breathing generally 
by means of gills during larval life and by lungs as adults. With met- 
amorphosis. 

Urodela (Gr. ovpa, tail, and dyAos, distinct). Salamanders. 

Anura (Gr. é-, without, and otpé, tail). Frogs and toads. 

Gymnophiona (Gr. yvpvds, naked, and déqus, serpent). Cacilians, 
legless, burrowing forms. ‘ 

Stegocephalia (Gr. oréyn, roof, and xepady, head). Extinct, 
armored amphibia. 

Class IV. Reptilia (Lat. repere, to crawl). Reptiles. Cold-blooded, 
scaly or armored, terrestrial or aquatic animals, breathing exclusively 
by means of lungs. Oviparous, though some snakes and the extinct 
ichthyosaurs brought forth the young alive (viviparous). The living 
orders are few: 

Squamata (Lat. squama, scale). Lizards and snakes. 

Chelonia (Gr. xeAdvy, turtle). Turtles and tortoises. 

Crocodilia (Gr. kpoxdderXos, crocodile). Crocodiles and alligators. 

Rhynchocephalia (Gr. p¥yxos, snout, and kedady, head). An ancient 
order of which the solitary, lizard-like Sphenodon of New Zealand is the 
sole survivor. Of many extinct orders there are: 

Theromorpha (Gr. @ypiov, beast, and popdy, form). Mammal-like 
reptiles. 

Ichthyosauria (Gr. ix@vs, fish, and cavpa, lizard) and Plesiosauria 
(Gr. 7Anaios, near, and cavpa, lizard). Marine reptiles. 

Dinosauria (Gr. dewvds, terrible, and cavpa, lizard). Includes small to 
gigantic terrestrial forms, related to the birds. 

Pterosauria (Gr. Tepov, wing, and cavpa, lizard). Aérial reptiles with 
membrane expansions by which they could fly. 

Class V. Aves (Lat. avis, bird). Birds. Warm-blooded, feathered 
animals, with the fore limbs transformed into wings. Oviparous. A 
numerous but very uniform class. 

Class VI. Mammalia (Lat. mamma, breast). Mammals. Warm- 
blooded, hairy forms, generally quadrupedal and terrestrial, some 
aquatic (whales, seals), other aérial (bats). The young are with few 
exceptions viviparously born (alive) and are nourished after birth by the 
secretions of modified skin (mammary) glands. Chest and abdominal 
cavities separated by a muscular diaphragm. 

Subclass Prototheria (Gr. mp&7os, first, and @npéov, beast). 

Order Monotremata (Gr. povos, single, and tpja, perforation). Egg- 
laying (oviparous) mammals. Ornithorhynchus and Echidna. 
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Subclass Eutheria (Gr. 8, well, and @ypéov, beast). Viviparous mam- 
mals. Some of the orders are: 

Marsupialia (Lat. marsupium, pouch). Pouch-bearing mammals. 
Opossum, kangaroo. 

Edentata (Lat. edentatus, toothless). Anteaters, sloths, and arma- 
dillos. 

Insectivora (Lat. insectum, insect, and vorare, to devour). Shrews, 
moles, hedgehogs. 

Chiroptera (Gr. xe/p, hand, and mrepov, wing). Bats. 

Rodentia (Lat. rodere, to gnaw). Rats, hares. 

Carnivora (Lat. caro, flesh, and vorare, to devour). Dogs, cats, 
bears, seals. 

Cetacea (Gr. xjT0s, whale). Whales and dolphins. 

Ungulata (Lat. ungula, hoof). Hoofed animals, with several suborders. 
Elephants, horses, rhinoceroses, cattle, deer. 

Sirenia (from Siren, the manatee). Sea-cows. 

Primates (Lat. primus, first). Monkeys, apes, man. 


BIONOMIC CLASSIFICATION 


This classification of organisms is based upon the mode of life 
and the consequent adaptive modification of structure, form, and 
color which in some cases so obscure the fundamental characteris- 
tics of the group to which the animal belongs as to make its true 
classification in the zodlogical scale a matter of great difficulty. 
For in extreme cases true relationships are betrayed only by study- 
ing the life history of the organism and can not be learned from its 
adult condition, as in the parasitic barnacle Sacculina (see page 267). 
A bionomic classification, therefore, does not necessarily agree 
with one based on such revealed relationships, but is, historically, 
a more primitive classification. 

Animals and plants may be considered first in their interrela- 
tionship with other organisms and secondly in their relations to the 
physical environment. 


Interrelationships with Other Organisms 


Free-living forms are such as are not sedentary nor in perma- 
nent association with other organisms in any of the several ways 
to be described below. They do, of course, depend upon other 
animals or upon plants for their sustenance; in the former case they 
are called carnivorous or predatory, in the latter herbivorous. The 
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predatory animal, unless it be simply blood-sucking or one which, 
like certain insects (bird-lice), feeds upon portions of the skin, 
usually destroys the prey, while the herbivore, does not necessarily 
injure the food plant disastrously. Free-living forms of the same 
species may band together for mutual aid or defense, when they 
are called gregarious or communal (see Chapter XVI). 

Parasitic (Gr. mapa, beside, and otros, food).—Parasitism 
will be discussed more at length ina later chapter (Chapter XVII), ~ 
especially with 
regard to its de- 
generating in- 
fluence upon 
the parasite. It 
is an ignoble as- 
sociation be- 
tween one ani- 
mal or plant 
and another 
and while the 
parasite is bene- 


fited in that it 
Fic. 4—Commensal hermit crab, Eupagurus constans, and obtains food 
hydroid, Hydractinia sodalis. (After Doflein.) 


and protection 
with the least possible effort, the effect upon the host is gener- 
ally a detrimental one, and sometimes disastrous. But the para- 
site usually instinctively avoids fatal injury to its host, as that 
would be decidedly to its own disadvantage unless its days of 
parasitism be fulfilled. Herein it differs from the predaceous 
animal, ,whose association with the prey is transitory, but almost 
invariably destructive of its life. 

Commensal (Lat. com-, together, and mensa, table) association 
in contrast with parasitic is mutually beneficial. It does not, how- 
ever, imply an organic union such as prevails among symbiotic 
forms, but merely a more or less permanent association for mutual 
good. The word commensal means one who eats at the same table, 
but in ordinary usage has become obsolete, nevertheless that is 
what the word implies biologically, z. e., an animal which lives with 
or on another (species), partaking of the same food. 

A familiar example is the association of a hermit crab and a 
hydroid which forms a dense furry growth over the crab’s shell. 
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The crab is a wasteful feeder and the hydroid gathers in the tiny 
particles of rejected food. It also gets transportation without effort 
and in return offers the crab a certain immunity from attack, as it 
is armed with stinging cells and the general appearance of the furry 
growth renders the crab less conspicuous (see Fig. 4). Another 
example is the rhinoceros bird which picks ticks from the rhino’s 
back and gives warning of approaching danger to its dull-witted 
friend. The pilot-fish which accompanies the shark is still another 
and the peculiar association of gnus, ostriches, and zebras in 
Africa is a fur- 
ther instance. 
In the last ex- 
ample it is 
merely the ex- 
tension of the 
mutual aid af- 
forded to the 
other members 
of a herd by the 
sentinels so as to 
embrace more 
than one spe- 
cies. The os- 
trichis socapital 


a watch-tower Fic. 5—Green hydra, Hydra viridis, containing symbiotic 
that the others unicellular plants (zodchlorell). A, entire animal, greatly en- 

_ larged. B, section of body-wall: ect, ectoderm; end, endoderm; st, 
have taken ad supporting lamelle; z, zobchlorelle. (After Weismann.) 
vantage of it. 


Symbiotic (Gr. ovv, together, and Aéos, life)—This is the 
most intimate association of all, again for mutual benefit, and by 
some writers it seems to be considered as merely a more intimate 
form of commensalism. Symbiosis means living together and in its 
restricted sense implies an organic union or internal partnership 
between organisms, so intimate that it can only be severed by death. 
It can not exist between two animals but only between an animal 
and a green, chlorophyl-bearing plant or between a green and a 
colorless plant. Instances of the first sort are found among the 
lower animals such as the green hydra (Hydra viridis) of which the 
color is not due to animal pigment but to the presence of numerous 
minute green plants embedded in its cells (see Fig. 5). Another 
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instance is that of the flagellate protozoén Euglena viridis in which 
precisely the same conditions exist, and many Radiolaria contain 
symbiotic alge known as “yellow cells” or zoéxanthella. This 
last relationship is thus described by Thomson: 

“They [the ‘yellow cells’] are unicellular plants embedded in the 
transparent living matter of the Radiolarians, and a very profitable 
partnership has been established. Being possessed of chlorophyl, 
the Alge can utilize the carbonic acid formed by the Radiolarian, 
and are able to build up carbon compounds, such as starch. They 
give off oxygen, which is of course profitable for the animal, and 
they doubtless utilize nitrogenous waste products made by the 
animal. If things are not going well, it is always open to the Radio- 
larian to digest its partners! —The huge numbers of Radiolarians— 
alike of individuals and of species—seem to indicate that the sym- 
biosis is very profitable.” 

Symbiotic association of green and colorless plants is found in 
the lichens, which have been proved to be compound plants, each 
consisting of “the branching and interlacing threads of a [colorless] 
Fungus enclosing partner [green] Alga cells. The Fungus fixes the 
plant, absorbs air, water and salts, protects the Alga from drought 
and injury, and forms spores which are wafted away by wind and 
water, and may start new lichens if they find their proper partners. 
The Alga uses the sunlight to build up carbon compounds, and it 
joins with the Fungus in forming sexual reproductive bodies. By 
taking proper precautions the Alga can be got to live in water 
without the Fungus, and the latter can live on sugary media or the 
like without the Alga’? (Thomson). 

Another remarkable instance of symbiotic association of a some- 
what different sort is that of the various beneficial bacteria that 
live within the bodies of higher animals, especially in the alimentary 
canal, and which seem to serve a very important function in aiding 
in the digestion and absorption of food. There is some question 
whether the animal could live its normal life without the aid of 
these internal organisms. Should their effect be deleterious instead 
of beneficial, they would be classed as parasites instead of sym- 
biotic partners. 


Interrelationships with the Physical Environment 


In discussion of the physical environment, the first consideration 
is the medium in which the organism lives, whether air or water, 
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for this determines its method of breathing. The other features 
are its relation to the bottom or substratum, and whether or not 
the creature is a locomotor type, for as we shall see, both of these 
considerations influence very profoundly the fundamental form 
and often the color of the organism. The forms which do not de- 
pend upon the substratum but are suspended in the medium 
wherein they live may be either plankton or nekton, according to 
their locomotor ability. Those which rest 
or move upon the bottom are called 
benthos. 

Plankton (Gr. wAay«rtes, wandering) 
are the animals or plants which float in 
the water largely at the mercy of wave 
or current, as they possess little or no lo- 
comotive powers other than the ability to 
rise or sink. They range in size from 
microscopic dimensions to meduse half a 
yard in diameter, and have in general the 
following characteristics: Body more or 
less transparent, usually hyaline or pale 
viclet or rose-tinted, though some jellyfish 
are rather gaudily colored. The hue is as 
a rule, however, one .which harmonizes 
well with the water. There is an almost 
total absence of opaque skeletal struc- 
tures, only a few retaining delicate cal- 
careous shells inherited from their ben-  fyc. 6.—Planktonic _ jelly- 
thonic ancestors (Grabau). In general fish, Sarsia eximia. (After 
form planktonic organisms are as a rule Pe 
cadially symmetrical, for locomotion in one direction is what usu- 
ally determines bilateral symmetry. (See Fig. 6.) 

The horizontal distribution of the marine plankton is largely 
caused by ocean currents which tend to keep the swarms of in- 
dividuals together and move them en masse. Such powers of loco- 
motion as they possess enable these organisms to sink to greater 
depths for darkness or tranquillity during stress of weather, coming 
to the surface at night or in time of calm. During the day many 
of them sink to a depth of from 5c to 150 fathoms, rising to the 
surface only on quiet nights. 

While marine or halo-plankton (Gr. as, sea) is the most 
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abundant and varied, fresh-water or limno-plankton (Gr. Aduvn, 
lake) also exists in nearly all lakes and rivers. Permanent aérial 
or geo-plankton probably does not exist, though microdrganisms 
such as bacteria or ‘‘germs’’ seem to float about in the air almost 
indefinitely. 

Examples of planktonic organisms are the innumerable forami- 
niferal and radiolarian Protozoa, diatoms among plants, and the 
swarms of meduse or jellyfish seen in summer seas. Many mol- 
luscs (pteropods, heteropods) are included, some of which form the 
staple of diet of the great whalebone whales, and because of their 
small size are devoured in countless numbers; while the minute 
shells of Foraminifera, Radiolaria, Pteropoda, and diatoms form 
the bulk of the oozes which cover thousands of square miles of the 
ocean floor. 

Nekton (Gr. vn«tes, swimming) consists of animals with 
sufficient locomotive powers to stem the aquatic and aérial currents 
and go whithersoever they will. Their chief characteristics are 
well developed motive organs, spindle form to reduce resistance, 
bilateral symmetry, body non-transparent, but with distinct 
coloration which may follow fixed laws (see faunal coloring, sea 
and air, page 235). The skeleton is opaque and the muscles and 
generally the organs of special sense are highly developed. 

Of marine invertebrates, certain of the cephalopods, notably the 
squid, are good examples, while among vertebrates the great 
majority of fishes, sea-turtles, whales, and seals among living types 
and the great marine reptiles, the ichthyosaurs, plesiosaurs, and 
mosasaurs among extinct animals, represent the aquatic nekton. 

Aérial nekton is abundant in the flying forms, such as insects, 
birds, pterosaurs, and bats, some of which, notably certain insects 
and birds, have wonderful powers of sustained flight. Aérial 
nekton, however, differs from the aquatic in that sooner or later 
it must come to rest upon the bottom and become benthonic. 

Benthos (Gr. BévOos, depths of the sea).—Benthonic forms 
are the bottom-dwellers, whether fixed to the substratum or with 
powers of locomotion over it. The former are called sedentary, the 
latter vagrant benthos. Sedentary benthonic forms, as a rule, 
exhibit radial symmetry, well shown in corals and crinoids on the 
part of animals and in the great majority of higher plants. Marked 
exceptions, as in the brachiopods and barnacles, do occur. Of 
course this radial symmetry is only attained in its perfection where 
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the environmental conditions are alike on all sides. Among sed- 
entary animals so great a dependence is placed upon food swept 
within reach by means of stream, tidal, or wave action, that the 
food-getting organs are apt to degenerate or never develop, and 
often a special ciliary 
device takes their 
place, as in the brach- 
iopods, crinoids, pel- 
ecypod molluscs, 
tunicates, and even 
in the lancelet (Am- 
phioxus) and larval 
lamprey (cyclostome) 
among vertebrates. 
Loss or non-develop- 
ment of musculature, 
locomotor organs, 
bilateral symmetry, 
and organs of special 
sense are characteris- 


tic of sedentary ben- ee ey ae ae 

° Fic. 7—Hydroid colony, Obelia sp. , fixed ‘asexua 

thos, and with ee colony: Bd, bud, developing polyp; m, manubrium; Pa, 

exceptions colonial nutritive polyp or hydranth; Pd, reproductive individual 

organisms are fre- oF blastostyle; Pc, medusoid buds which will become 

ia free-swimming meduse. BB, sexual medusa or jellyfish. 
stricted to this group. (From Schuchert’s Historical Geology.) 


(See Fig.'7.) 

Examples of sedentary benthos would be the sponges; hydroids, 
with the exception of the remarkable Siphonophora, a free- 
swimming (planktonic) colony wherein division of labor among 
the various zodids has been carried to an extreme; Actinozoa, sea- 
anemones (Fig. 8), and corals; Molluscoidea as a whole; barnacles 
among the Crustacea; certain bivalve molluscs, such as the oysters; 
and the tunicates. With plants, almost all belong to this category, 
the only exceptions being the motile bacteria and other Protophyta 
which have been included under plankton. Nektonic plants are 
unknown. While aérial sedentary benthos includes the great bulk 
of the higher plants, air-breathing sedentary animals are rare. 
A number, which like the barnacles may be left bare by the re- 
treating tide, thus become temporarily aérial but do not respire 
air, although provision has to be made by nature to withstand the 
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exposure. The only true aérial sedentary benthos seems to be the 
scale insects (Coccide, see Fig. 14) which attach themselves per- 
manently to some plant, twig, leaf, or fruit, and remain constantly 
in one eee thereafter as long as the plant juices yield sufficient 
nourishment. Drying up of the leaf 
upon which they live has been known 
to cause a very short migration, and 
: while extremely degenerate and scale- 
like, as the name implies, they never 
wholly lose their organs of locomotion. 

The group known as vagrant benthos 
is an extremely extensive one, includ- 
ing a large number of marine, but 
fewer fresh-water types, and almost 
all air-breathing animals. Bilateral 

Fig? 8-—Benthonic sedentary Symmetry’ is the, syle though ssome 
anemone, showing radial sym- notably the echinoderms, are radially 
tae Rae symmetrical. This radial symmetry 

of the echinoderms masks a more 
primitive bilateral symmetry, whereas in such forms as the ir- 
regular sea-urchins a secondary bilateral symmetry is very 
marked. Coupled with bilateral symmetry goes the development 
of locomotor and the higher sense organs, and because of the in- 
tensity of the struggle for existence the various adaptations of form, 
color, and food-getting devices are extremely varied. True col- 
onies, such as the bryozoan Cristatella, occur but are very rare, 
though other animal associations, gregarious or communal, are 
much more frequent. The transition from the vagrant benthos to 
nekton is easy and the instances numerous, and in some cases it is 
difficult to know under which category the animal should be placed, 
as in the case of certain marine worms and the sea-otter. 

The term mero-plankton (Gr. pépos, part) was introduced by 
the German naturalist Haeckel to include the free-swimming young 
of benthonic organisms which lead, during their larval state, a 
planktonic existence. These forms are as a rule extremely small 
and have feeble powers of locomotion, generally by means of cilia. 
Nevertheless they are so numerous that the upper strata of the 
oceans are literally crowded with them and they form a great 
source of food supply for the more aggressive forms of life. Grabau 
says of them: 
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“Floating about in the sea, in perfect clouds or swarms, these 
mero-planktonic organisms pass their short existence, a sport of the 
waves and currents. Sooner or later, however, they will sink to 
the bottom, a veritable rain of seedling organisms, and if they fall 
upon a fertile soil, in other words, if they reach the proper facies of 
the substratum, they will develop into the benthonic adult; but 
if they fall upon an unfavorable bottom, or if food supply is scarce, 
they will perish.” 

The necessity of some means of dispersal or for the repopulation 
of an area wherein accident has destroyed the original inhabitants 
is imperative, and in the case of sedentary adults can only be at- 
tained by this means. Mero-planktonic larve are found in every 
group of aquatic sedentary benthonic animals. The young of the 
sedentary scale insects, on the other hand, which are active for a 
brief time, are vagrant benthos. Spores and many seeds like those 
of the maple and dandelion constitute about all that can possibly 
be included in aérial mero-plankton. 

Pseudo-plankton (Gr. ~eddos, false) is a term proposed for 
organisms such as the sargassum or gulf sea-weed which is normally 
or in early life an attached benthonic organism but which becomes 
planktonic. The meaning of the term has been extended to include 
plants or animals living as sedentary or vagrant benthos upon 
floating objects, such as the alge, hydroids, or bryozoans, which 
may be attached to the floating sargassum, and the Crustacea, 
molluscs, or other animals which dwell among them. In many in- 
stances the pseudo-planktonic existence of these forms is due to 
accident, but on the other hand it seems to be habitual with certain 
forms, which, like the goose-barnacle, Lepas, rarely occur except 
attached to floating objects such as timber or the bottoms of ships, 
especially when the latter are derelict. Many of the animals found 
on floating sargassum seem to be characteristic of it in this condi- 
tion, as they do not occur when it is attached. 
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CHAPTER IV 
GrocRAPHic DISTRIBUTION 


Kinds of Distribution.—The distribution of life on earth has 
three aspects, two of which are distributions in space and one in 
time. Of course every organism can be considered from all three 
points of view, but a clear comprehension of each can only be ob- 
tained by treating them separately and in order. 

These three distributions are known as follows: 

In space: 

Geographic. Horizontal or surficial distribution. 

Bathymetric. Vertical or altitudinal distribution. 
In time: 

Geologic. Durational distribution. 

Geographic Distribution.—The distribution of life over the 
earth’s surface is world-wide, as no place is so forbidding as to be 
entirely without its flora or fauna; the dense tropical forest, the 
bleakest mountain, the scorching heat and drought of the desert, 
the devastating cold of the polar regions: each has its quota of in- 
habitants, living out their lives as best they may. 

Closer study, however, reveals the fact that the distribution of 
life is by no means a uniform one, and, aside from differences in 
faune, due to climatic or other causes, there are peculiar instances 
of isolated distribution. Thus, for example, Africa has elephants, 
antelopes, and great apes such as the gorilla and chimpanzee in its 
fauna, while Brazil, with very similar environmental conditions, 
has none of these, but instead possesses the tapir, sloths, and pre- 
hensile-tailed monkeys. The tapirs themselves are found in Cen- 
tral and South America and again in the Malay Peninsula and 
Sumatra, a curious instance of discontinuous distribution, explicable 
only by assuming that the American and Malay tapirs are the last 
survivors of a widespread race, whose intervening representatives — 
have been blotted out. 

Again, it is seen that the faunze.of Great Britain and Japan, 
which are separated by thousands of miles, are very similar, whereas 
in Bali and Lombok, two small islands in the Malay Archipelago, 
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separated by a strait only 15 miles wide, the animals are much 
more unlike. 

Thus it is evident that the dispersal and distribution of animals 
is governed by laws which are far from simple. 


To understand them thoroughly “the zodlogist must trace out in de- 
tail the exact area or areas inhabited by the several species, genera, and 
larger groups of animals, and this process to be reliable must be based 
upon a true and natural classification of the animals themselves. The 
latter can only be attained by a due consideration of the theory of evolu- 
tion (or descent with modification) as generally understood at the present 
day. With this must be intimately associated a knowledge of extinct 
forms and their distribution in time and space, and this again depends 
upon an acquaintance with the extent and relative position of the various 
fossil-bearing strata which build up the huge series of sedimentary 
rocks” (Bartholomew). 


DISPERSAL OF ANIMALS 


Necessity.—The struggle for existence brought about by the 
rapid rate of multiplication of all animals and the consequent 
scarcity of food within a given area renders the dispersal of animals 
imperative. Not only is this struggle between members of the same 
species, but between allied species or any sorts of animals whose 
needs are sufficiently similar to induce competition. Again, grad- 
ually changing climatic conditions, which render the old home 
no longer suitable, impel migration where migratory roads exist, 
otherwise gradual extinction is often the result. A study of the 
distribution of fossil animals such as the elephants or horses (see 
Chapters XXXIV and XXXV) gives evidence of repeated and 
world-wide migrations which probably occurred as often as oppor- 
tunity arose. The extension of geographical range seems, there- 
fore, to be a prime necessity in the case of the great majority of 
organisms. 


Barriers 


Topographic Barriers.—Such barriers as high and extensive 
mountain ranges limit the distribution of many terrestrial forms, 
and in general are more effective if the mountains are more or less 
parallel with the equator, as in Europe and Asia. Here we find 
a marked difference between the species occupying the northern 
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and those occupying the southern slopes. This is notably true of 
the great Himalaya Range in northern India, which rears its mighty 
summits far beyond the limits of perpetual snow. On the south 
we have the hot, moist plains of India, with a very distinct tropical 
fauna which in many respects resembles that of Africa. North 
of the barrier, conditions of climate, both in temperature and degree 
of moisture, are entirely changed, and with them appear animals, 
with some notable exceptions, of a totally different sort, more 
nearly comparable to those of Europe. In the New World where 
the mountain chains in general run north and south, their influ- 
ence upon animal distribution is vastly less, and in no case do they 
form the striking boundaries between zodgeographical realms 
(see page 63), as in the case of the Himalayas. 

“Tn many cases,” says Gadow, “the fauna is the same on either 
slope [of a mountain range], and they act rather as equalizing or 
dispersing factors, especially when they extend from north to 
south. Witness the Andes, owing to which Ecuador and Peru bear 
a great resemblance to the Central American fauna, and differ 
from the tropical parts of South America.” 

The mountain ranges in the western United States do exert a 
certain influence, however, principally through their control of 
humidity. The winds blowing in from the Pacific are laden with 
moisture, but as they reach the mountain uplift they are deflected 
higher and become cooler, which causes the precipitation of the 
moisture in the form of rain. On crossing the barrier, the winds 
are practically moistureless and, as a consequence, aridity of 
climate prevails east of the mountains, producing conditions rang- 
ing all the way from dry plains to actual desert. This of course 
has its profound influence upon the character of the vegetation 
and consequently upon plant-feeding animals and indirectly, though 
to a less extent, upon carnivores. In North and South America 
the animals are only influenced in their range directly by condi- 
tions of temperature and rainfall. 

One important topographic barrier in North America is that 
which limits the Mexican plateau and again forms a line of de- 
marcation between faunal realms. The plateau itself, though ex- 
tending well into the tropics, has a temperate climate, and the 
fauna is similar to that of the region to the north and northwest. 
From the edge of the plateau the land drops away abruptly and 
conditions rapidly change to those of a hot, moist, tropical region, 
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with a corresponding change in the plant and animal life, which 
is now that of tropical Central and South America. 

Climatic Barriers.—While degree of heat is of prime importance 
in limiting animal dispersal, Heilprin thinks that its influence has 
been largely overestimated. Notable instances in proof of his 
contention are the tiger and elephants. The former, while its 
normal home is in the hot districts of India and the Indian archi- 
pelago, is not restricted to those regions nor to such as have similar 
climates, for it is found ‘in the elevated regions of the Caucasus 
and the Altai chain, and in the Himalaya range its footprints are 
not infrequently found impressed in the fields of snow. It is a 
permanent inhabitant of the cold plains of Manchuria and the 
Amoor region . . . prowling about even in winter along the icy 
margins of the Aral sea.”” The northern range of the tiger extends 
to about 53° north latitude, as far north as Lake Baikal in Siberia 
or Lake Winnipeg in Canada (Heilprin). Elephants also do not 
seem to suffer from cold, provided a sufficient amount of water be 
obtainable. Hannibal, who invaded Italy in 218 B.c., took a herd 
of war-elephants of the African species over the Little St. Bernard 
Pass, which has an altitude of 7176 feet. Elephants also range 
in altitude in the Kilimanjaro region of eastern Africa from sea- 
level up to 13,000 feet, which must give a marked temperature 
range. The Indian elephant also appears to be equally at home 
among the cool mountain heights and amidst the hot and jungly 
lowlands. 

The influence of temperature is much more marked in limiting 
the distribution of cold-blooded animals or those which depend 
upon external temperatures for the maintenance of their bodily 
heat, than in the case of the warm-blooded forms. Thus the amphib- 
ians and reptiles are tropical and temperate in their distribution, 
rapidly diminishing in numbers toward either pole. Salamanders 
are limited to about the sixty-third parallel in Europe, while frogs 
and toads are absent only from the higher latitudes north and south. 

“The absolute northern limit of amphibian life coincides rather 
closely with the somewhat erratic line of o° Centigrade [32° F.] 
of annual mean temperature, a little to the north of which line the 
ground remains permanently frozen below the surface. The sur- 
face crust which thaws during the summer, engenders an abun- 
dance of insects as food-supply, but its freezing down to the icy 
bottom makes hibernation impossible” (Gadow). 
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Reptiles, on the other hand, are more restricted; the crocodiles 
are tropical or subtropical in their distribution, the northern limit 
of the turtles is 50°, while of the lizards there are few beyond 40°, 
and at 60° the order entirely disappears. Snakes have the widest 
range, but only three species in Europe are found beyond 55° and 
but one, the common viper, extends to the Arctic Circle. The 
terrestrial vertebrates of the frigid zones are therefore entirely 
birds and mammals, whose constant temperature and efficient 
bodily clothing enable them to maintain an active existence where 
the reptiles and amphibians would be reduced to a condition of 
torpor. This torpor can be endured for a while and the period of 
hibernation or winter sleep on the part of temperate cold-blooded 
animals is a normal manifestation, but it has its limits and can 
not extend over too great a sum total of the animal’s life. The 
presence of fossil reptiles or amphibia in the rocks of a given geo- 
logic period is, therefore, highly indicative of past climatic condi- 
tions. 

Lack of moisture controls the distribution of animals and plants 
principally where it is of sufficient extent to produce desert condi- 
tions, for while many forms are marvellously adapted to withstand 
the harshest drought (see Chapter XXIV), for others it forms an 
insuperable barrier. 

The most notable desert barrier is that of the Sahara, which 
forms the area of demarcation between the Ethiopian or African 
zodgeographical realm and the Eurasian. So efficient is it that 
such mobile forms as the deer, which are found in the Americas 
from the Straits of Magellan to the Arctic and over the entire 
Eurasian continent except the Arabian peninsula and the adjacent 
area to the east, are totally absent from Africa except in its ex- 
treme northern part, from the Straits of Gibraltar to Tripoli. 
Of course they are absent from the long isolated Australian region 
except where they have been introduced by human agency. The 
Sahara in Africa and the Arabian desert are impassable to such 
forms. Animals like the amphibia,, which require moisture for 
their larval life and have no great migratory powers, find even a 
small arid area an insuperable obstacle. 

The increase of moisture renders a region unsuitable for certain 
forms of life, in part due to possible swampy conditions which 
may make the area impassable to creatures not adapted to them. 
Swamp-dwelling generally places its mark upon the animal, as in 
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the splay feet of certain Permian reptiles. It is doubtful, however, 
whether even extended morasses act as a very great barrier to 
dispersal. Increased humidity does have a marked effect second- 
arily in affecting the vegetation, the spread of insect life, and the 
like, to be described below. 

Vegetative Barriers.—The profusion of vegetation depends 
very largely upon the climatic conditions mentioned above— 
temperature and degree of moisture—and its prevalence is fa- 
vorable to the dissemination of certain types and unfavor- 
able to others. The influence of vegetation is both direct and 
indirect,—direct in the impossibility of forest-living, especially 
arboreal animals crossing regions where forestation does not occur; 
and in forming, especially in the tropics, so dense a growth of 
jungle that larger terrestrial animals are incapable of penetrating 
it. Thus, during Pliocene times mastodons of the genus Dibelodon 
(Chapter XXXIV) migrated from North into South America over 
the newly established isthmian land bridge, but during the Pleis- 
tocene, while there were several species of magnificent elephants 
(Elephas and Mastodon) in North America, none of them appar- 
ently succeeded in penetrating south of the southern limits of 
the Mexican plateau. The one possible recorded exception is 
that of an imperial mammoth (Elephas imperator), the tooth of 
which has been reported from the Lower Pleistocene of Cayenne, 
French Guiana. What the conditions were which prohibited the 
passage of the later elephants into South America, while the earlier 
ones effected a crossing, we do not surely know, but the presence 
of a tropical jungle too dense to be penetrated by such huge beasts 
as these is highly suggestive, for Bowman says that at the present 
day the vegetation is impenetrable to an animal as large as a man, 
without mechanical aid. 

The lack of vegetation very effectively limits the distribution of 
certain forms, notably the primates, which with few exceptions 
are dwellers in tropical forests. Not only do they need trees for 
their safety and usual mode of progression, but also as a source of 
food, for the primates as an order live upon fruit, nuts, and blos- 
soms, as weil as upon insects and small birds, all of which are prod- 
ucts of these forests. Primates were very prevalent during the 
Eocene in western North America. At the close of the Eocene 
period, however, they became utterly extinct in North America, 
nor is there the slightest evidence of their reappearance until the 
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coming of man. The Eocene, especially during the middle part, 
when the primates were most abundant, was a time of subtropical 
or warm-temperate conditions, as the rocks contain palms and 
bananas mingled with many similar mild temperate trees. With 
the ushering in of the next period, however, that of the Oligocene, 
and more especially in the Miocene, the tropical forests gave way 
to those consisting largely of deciduous trees which could not sup- 
port a primate population all the year, hence their local extinction. 

This serves to illustrate not only the means whereby the absence 
of vegetation may limit dispersal, but also the way in which food 
supply limits distribution. Other illustrations would be the neces- 
sity for trees and shrubbery for animals with short-crowned brows- 
ing teeth, on the one hand, and of extensive pasturage of harsh 
grasses for those with long-crowned grazing teeth, on the other, 
each type of vegetation being unadapted to the other typeof animal. 
Vegetation is important also in the case of many insects; cater- 
pillars, for instance, may be addicted to a certain species of food 
plant and be coextensive with it in distribution and unable to exist 
where the plant does not occur. Conversely, some plants are 
absolutely dependent upon certain species of insects for pollination, 
without which they can not propagate their seeds. Parasitic in- 
sects which depend in turn upon the plant-feeders can not of course 
exist where the latter do not occur, for many parasites are limited 
exclusively to a certain genus and species of host, and this again 
may be restricted to a very small group of plants. Insectivorous 
birds are also in a measure dependent on certain specific insects, 
the limits of whose distribution determine theirs, while frugivorous 
birds, or those which, like the humming-birds, sip nectar from the 
flowers, are directly limited by the existence of certain types of 
vegetation. “Thus the whole fauna and flora of a district is bound 
together by a complicated network of particular conditions, and 
the slightest alteration in any detail may upset the balance of the 
whole and lead to far-reaching and unforeseen results” (Bartholo- 
mew). 

Large Bodies of Water.—Extensive bodies of water, when not 
frozen, form perhaps the most insuperable barriers of all, especially 
to terrestrial vertebrates like the amphibians, reptiles, and mam- 
mals, but not to those which have powers of sustained flight, such 
as birds and bats. Fresh-water fishes are also prevented from 
migration by large bodies of salt water, although certain fishes such 
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as the shad, salmon, sturgeon, and smelt—the anadromous (Gr. 
ava, up, and dpapety, to run) fishes—pass from salt to 
fresh water annually, while in the catadromous (Gr. xartd, 
down) eels the reverse migration occurs. The barrier is effective, 
therefore, only in the case of exclusively fresh-water types, such as 
the carps, garpikes, catfishes, bowfin, and brook trout, some of 
which are quite locally restricted. To the modern amphibia salt 
water constitutes a most effective barrier as ‘common salt is poison- 
ous to the amphibia; even a solution of 1 per cent prevents the 
development of their larve.’ Consequently seas, salt lakes, and 
plains encrusted with saline deposits act as most efficient bound- 
aries to normal ‘spreading.’ But undoubtedly many individuals 
have made long and successful voyages across the seas on floating 
trees [see page 60]. Solutions of lime are likewise detrimental to 
many species, and it is a general fact that limestone-terrain is poor 
in amphibian life, unless, of course, sufficient accumulation of 
humus counteracts or prevents the calcareous impregnation of the 
springs and pools in meadows. Salamandra maculosa is, for in- 
stance, absent in Central Germany on the Muschelkalk, but it 
occurs in abundance in neighboring districts of red sandstone or 
granite; nor can the larve be reared successfully in very ‘hard’ 
water” (Gadow). 

Amphibia are, as one would infer, almost completely absent 
from oceanic islands, the Seychelles, New Caledonia, and the Fiji 
and Solomon islands forming island groups exceptional to a general 
rule. Another remarkable fact is the very nearly universal limita- 
tion of the tailed forms—sirens, newts, salamanders, etc.—to the 
northern hemisphere. Here the great land masses, Australia, 
Africa, and South America, are almost if not entirely isolated by the 
oceans, and the small migratory roads left open, which have proved 
sufficient for such creatures as the mammals, are inadequate for 
these inactive amphibians. The burrowing caecilians, on the other 
hand, are confined to South America and Africa, with the ex- 
ception of the Seychelles, southern India, and the East Indian 
islands of Sumatra, Java, and Borneo, all of which are supposed 
to be relics of an ancient southern continent, for whose existence 
prior to the Tertiary period there is much evidence. The Anura 
(frogs and toads) enjoy a much broader distribution than the 


1 An exception to this is seen in the tadpoles of frogs which have been observed 
developing in the waters of a tidal creek opening into Manila Bay (see page 76). 
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tailed forms, being barred in their over-seas migration only from 
the most remote of oceanic islands. Their methods of dispersal 
will be discussed later (page 60). 

For some reptiles, notably the Crocodilia and marine turtles, 
the seas of course afford no obstacle, the only practical limit to 
their distribution being that imposed by temperature. Among 
the most interesting of living reptiles are the giant tortoises, some 
of which have been in captivity for upwards of a hundred and 
fifty years. They are confined to-day entirely to certain oceanic 
islands—the Galapagos Islands off the coast of Ecuador (galapago 
being one of the Spanish terms for tortoise), and the islands of the 
western Indian Ocean, namely, the Mascarenes (Réunion, Mauritius, 
and Rodriguez), the Comoros, the Aldabras, the Amirantes, and the 
Seychelles. On the other hand, these tortoises are totally extinct 
on the mainland of South America, Africa, and Eurasia. Their 
shells are common as fossils, however, in India, Europe, and North 
America, in rocks of Miocene to Pleistocene age. As land tortoises 
are drowned within a few hours if they attempt to swim, their 
distribution could not have been accomplished by any over-seas 
journey, but must indicate again former land connections over 
which they could travel.!| Their present distribution is also within 
the limits of the ancient Gondwana land mentioned above. 

The serpents, many of which are fairly good swimmers, are in- 
capable of passing large bodies of salt water of their own volition, 
with the exception of the specially adapted sea-snakes, which are 
found in the tropical seas, sometimes several. hundreds of miles 
from land. Lizards in their adult condition are as incapable of 
passing. an oceanic barrier as are the snakes, but, as Heilprin re- 
marks, “it would appear that in some special way—whether as 
effected by the oceanic currents themselves or through the agency 
of birds—their eggs may be transported to very considerable dis- 
tances out to sea, since this order of animals is sufficiently repre- 
sented in remote islands where neither snakes nor amphibians have 
as yet been encountered.” 

With. the birds, as we shall see, it is only the flightless forms, such 
as the ostrich, rhea, and cassowary, or the apteryx of New Zealand, 
which are debarred from trans-oceanic migrations, for even small 
birds are carried far on favoring gales. 


1 The geologic evidence seems to be partly at variance, in that the Galapagos 
are voltanic islands and may always have been such. 
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With mammals, except those which, like the whales and seals, 
are especially adapted to marine life, bodies of water of a greater 
expanse than 20 to 50 miles are impassable when not frozen. Many 
mammals are, however, excellent swimmers, the jaguar being 
known to cross the broadest of the South American rivers, while 
the tiger and elephant, as well as the deer, will all take to the water 
freely; but it is doubtful whether any of them will venture out of 
sight of land. Heilprin summarizes as follows: although “it may 
safely be conceded, from our present knowledge on the subject, 
that while many of the land Mammalia can effect with safety, 
and even readiness, such water passages as are most generally to be 
met with on continental areas, none, probably, would be prompted 
to undertake a journey across an arm of the sea whose width meas- 
ured 50 or more miles, or even one much exceeding half that extent. 
_ To these difficulties or impossibilities in the way of dispersion must 
be attributed the circumstance that the vast number of oceanic 
islands are deficient, except where man has effected an introduction, 
in representatives of this particular class of animals.” The finding 
of allied or nearly identical forms of mammals upon land masses 
now isolated generally points to former land connections where 
none now exist. 

Just as bodies of water prevent the passage of land animals, so 
land masses form barriers to the spread of sea life. Such, for in- 
stance, is Cape Cod, which separates the relatively cold waters of 
Massachusetts Bay from the ocean to the south, with a very marked 
distinction in the contained faunas. The Isthmus of Panama is 
another case in point, while certain relic seas like the Caspian con- 
tain seals, porpoises, and other marine vertebrates whose fore- 
fathers entered it when it was an arm of the sea; their descendants 
being in turn cut off from the ocean with the severance of communi- 
cation. A species of shark in Lake Nicaragua is another such 
zoological exile. 

Impurity and Lack of Salinity of Seawater.—These afford an 
effective barrier to the dispersal of certain kinds of marine animals, 
such as the brachiopods, echinoids, crinoids, starfishes, squids, and 
foraminifers, but notably the corals and sponges. While there 
are fresh-water sponges, they form a very small proportion of the 
entire number which are extant, and none have skeletal structures. 
On the other hand, the corals are exclusively marine although “a 
few are known in brackish and even in tolerably fresh water. 
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Cilicia rubeola is reported by the ‘Challenger’ in the river Thames 
in New Zealand; and Dana states that ‘upon the reefs enclosing 
the harbor of Rewa [Fiji Islands], where a large river, 300 yards 
wide, empties, which during freshets enables vessels at anchor 
24 miles off its mouth to dip up fresh water alongside, there is a 
single species of Madrepora (M. cribripora), growing here and 
there in patches over a surface of dead coral rock or sand. In 
similar places about other regions species of Porites are most 
common.’ Several species of corals grow at the mouth of the Rio 
della Plata.” Nevertheless, no stony coral has ever habituated 
itself to a fresh-water habitat. 

“ Porites limosa flourishes in muddy water and Astrea bowerbanki 
does not seem to mind mud or sediment, or even muddy brackish 
water, growing on, and incrusting the stones at the mouth of the 
Mangrove Creek, Australia, these stones being covered with mud 
and slime, and washed over twice in the twenty-four hours by 
muddy, brackish water” (Grabau). 

These exceptions, however, are notable, for as a rule all such 
forms require a water of maximum purity and salinity. Hence 
it is that extensive coral reefs or sponge-growing areas are never 
found near the mouths of large rivers such as the Amazon, Orinoco, 
or Mississippi, each of which bears a great load of sediment sea- 
ward. The Great Barrier Reef of Australia extends along the east- 
ern shore of that continent for a distance of 1500 miles, and along 
the entire adjacent coast the map fails to reveal a single river of 
importance, although there are a few relatively small streams. 


Means of Dispersal 


Animals and plants are so widespread over the surface of the 
globe that migratory routes must be many, despite the effective 
barriers which have been mentioned. The means of dispersal are: 

Land Bridges.—Land bridges, such as those at Suez and Pan- 
ama, both of which are of recent origin, geologically speaking, have 
nevertheless afforded the means whereby continents received 
their faunas. The Panamanian bridge is of particular interest 
because we know the history of its existence so well. There was 
evidently land connection between North and South America up 
to at least middle Eocene times, although it may not always have 
been where the Isthmus of Panama now lies. While that connec- 
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tion existed there was free intermigration between the continents, 
but during a long period of severance—until late Miocene or early 
Pliocene time—no interchange of species was possible, and each 
fauna underwent a remarkable evolution, without the admixture 
of forms from the other. The re-formation of the land bridge, 
however, opened up the avenues of migration, and we find re- 
corded the immediate incursion of the more virile North American 
types into South America, such as the mastodons, horses, deer, 
wolves, and cats, and the immigration of South American forms, 
the ground-sloths, armadillos, and other species in exchange. 
Bering Strait, although now impassable except over the ice in 
winter, has been at various times in the geologic past a migratory 
route of the utmost significance, so important in fact that the land 
animals of North America and those of the Eurasian continent 
show the closest blood relationship, and this was especially true 
during Tertiary time. In fact, as Matthew says: 

“The Alaskan bridge is in existence to-day, only a few yards 
of its planking removed, if one may so speak, the substructure 
intact, and the marks of the missing planks still showing on the 
undamaged portion.” Actually the intervening water between 
America and Asia has a width of only 36 miles and a depth of from 
23 to 30 fathoms, so that the comparatively slight elevation of 
200 feet would afford dry and safe transit for the passing and re- 
passing hosts. 

Natural Rafts and Driftwood.—Terrestrial animals, either 
accidentally or with intent, occasionally take passage upon drift- 
ing material which enables them to accomplish over-water journeys 
which are sometimes of considerable extent. Many Arctic animals, 
such as the reindeer, will go out upon the ice to effect a crossing 
like that over Bering Strait, the Nova Zembla reindeer occasionally 
going to Spitzbergen, a distance of 240 miles; or such forms as the 
polar bear may venture out upon the shore ice for the seals or 
fish which constitute their prey. The bears are splendid swimmers, 
for one was observed by Captain Parry in Barrows Strait 20 miles 
from shore, with no ice in sight. Even such natatorial powers 
would not, however, take them to Iceland, and yet living bears 
are stranded on the Icelandic shores every year, no fewer than 
twelve having arrived in one season. In such instances, the jour- 
ney was probably very largely accomplished by means of floating 
ice floes which had broken away from their moorings. 
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Natural rafts of vegetation are a very potent factor in dispersal. 
These are masses of driftwood and leaves held together by a tangle 
of vines, creepers, and other vegetation, and sometimes having a _ 
covering of soil sufficient to maintain living plants or even trees. 
Such rafts are formed by the natural accumulations of timber along 
the rivers, caused by the caving of the banks on the outside of the 
river bends, and as larger masses are formed they are swept out 
to sea by the action of the stream. Such natural rafts have been 
reported several times more than a hundred miles beyond the 
mouths of some of the world’s great rivers and in one recorded 
instance the distance traveled was over a thousand miles! Heil- 
prin tells us that floating masses of wood, with upright trees grow- 
ing over them, were mistaken by Admiral Smyth in the Philippine 
seas for true islands, until their motion made their real nature ap- 
parent. Such rafts often have quite an assemblage of animal life, 
such as monkeys, tiger-cats, squirrels, and arboreal mammals in 
general, together with reptiles and molluscs. 

Of the geckos, a group of climbing lizards, Gadow says: ‘‘Al- 
though not at all aquatic, they are particularly fit to be transported 
accidentally on or in the trunks of floating trees, to which they 
cling firmly, and they can exist without food for months.” In one 
instance, a boa, a huge species of snake, was transported 200 miles 
on a cedar tree to St. Vincent. Heilprin records the landing of four 
pumas in a single night in the town of Montevideo. He goes on to 
say: “To what distance such a floating raft with its living cargo 
may ultimately be carried in safety, and without detriment to 
its inhabitants, over the oceanic surface there are as yet no data 
for determining. But there would appear to be no reason for 
assuming that they could not be transported to a distance of several _ 
hundreds of miles, seeing that the upright vegetation found on 
many of them would serve with powerful effect in the face of a 
wind. And while the majority of the animal inhabitants might’ be 
exterminated before the end of the voyage, the safe arrival on an 
island or distant shore of a very limited number of individuals, 
embracing both males and females, would serve in a short period, 
under favourable conditions, to stock the new land with the species. 
That an absolute limit is set, however, to migration as effected in | 
this manner is proved conclusivély by the utter absence in most of 
the oceanic islands of indigenous mammals, excepting bats.” 

Favoring Gales.—The forms aided by this means are the aérial 
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nekton—insects, birds, and bats—and while all three can progress 
without the aid of favoring winds their flight is very largely in- 
creased thereby. This aid is perhaps largely accidental, never- 
theless migratory birds are known to take deliberate advantage 
of it. 

Insects present numerous instances of great powers of sustained 
flight when aided by air currents, of which the most conclusive are 
naturally those recorded at sea. One given by Bartholomew is 
that of the ship Pleione, which ‘“‘returning home some years ago 
from New Zealand, upon reaching a point some 960 miles south-west 
of the Cape Verde Islands, encountered some hundreds of moths 
belonging to a species which is common in the Eastern Tropics, but 
not found in South America, which was the nearest land. From 
the direction of the wind during the four days previous to the 
occurrence, it appeared to be beyond doubt that the insects had 
come from the islands named, and therefore must have crossed 
nearly a thousand miles of ocean!” The nuptial flights of many | 
insects often aid, either incidentally or purposefully, in their dis- 
persal, when taken upon windy days. 

Bird flight is marvelous, and some recorded instances are credible 
only in these days of the perfection of the aéroplane. Many birds 
are known to pass several hundreds of miles on the wing without 
rest and it is highly probable that their unaided flight may extend 
over one or more thousand. The wild goose is supposed to fly at 
60 to 75 miles an hour and the swallow at 90 or more, and many 
other birds may be nearly if not quite as speedy. A sustained 
flight of ten to twelve hours is not beyond belief, otherwise the 
enormous distances which certain migratory birds cover would 
not be possible. Land birds have been met with at all points in the 
transatlantic passage, but it is quite probable that passing craft 
afford temporary refuge to the weary ones. The prevailing westerly 
winds between 30° and 58° north latitude carry many birds all the 
way across, for the landing of American birds during or after heavy 
storms upon the coast of England and the island of Heligoland is no 
unusual thing. North of 58° the prevailing winds are easterly, so 
that the European birds are transported to America by way of 
Iceland and Greenland. 

Bats are found the world over, even on the most remote sea isles, 
where they may be the only indigenous mammals. This is sufficient 


evidence for their migratory powers. 


62 ORGANIC EVOLUTION 


Migrations 


Migrations are of two sorts: permanent or racial movements 
where there is some such impelling cause as the changing of climatic 
conditions, or the unendurable increase of competition for food, 
shelter, or safety at home. Many such are recorded and will be 
recorded in human history, like the coming of the white men to 
America, while prehistory has innumerable instances of the same 
thing. A few such were the intermigrations between North and 
South America, already referred to; the world-wide dispersal of the 
elephants from their primal African home, and of the American 
camels into Asia, and their relatives, the llamas, into South America. 
For several such migrations of horse-like forms between North 
America and the Old World there is also much evidence. 

Seasonal migrations also occur for food and for reproduction. 
Those for food occur in the temperate and frigid zones where the 
inclement weather of winter brings such scarcity of sustenance that 
animals must migrate or starve. The caribou of. North America 
make such seasonal migrations and the American bison or “‘buffalo”’ 
were also known to do so. The migrations of many insects such as 
the “Rocky Mountain locust” are well known. 

The most remarkable migrations are those for reproduction, 
for many animals have within them a wonderful homing instinct 
which impels them to seek out their own birthplace for the purpose 
of bringing forth their young. Under this head come the move- 
ments of certain fishes such as the herring and alewife into shoal 
waters along the coasts, and the shad, sturgeon, and salmon to the 
rivers. The last mentioned ascend the Columbia and Yukon for 
thousands of miles, passing all but impassable obstructions in their 
journey and wearing themselves out in its accomplishment. 

Some bird migrants also cover thousands of miles, as, for example, 
a cuckoo which makes the annual journey from Fiji to New Zealand 
and return, an over-seas voyage of 1500 miles in either direction. 
The curlew-sandpiper breeds on the Siberian tundras, but goes 
in the northern winter to the Cape of Good Hope, Tasmania, 
and Patagonia down the three main continental axes (see map, 
Fig. 246). Others, like the penguins, make their long migrations 
by swimming. 

Of the mammals, the sea-lions or fur seals of Alaska excite our 
admiration, not so much from the length of their journey of 1500 
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miles but because of the accuracy and precision of their navigation, 
always arriving at the beach in the Pribilof Islands, for instance, at 
approximately the same time and place as the year before; but 
their actual passage is as mysterious as that of a raiding submarine. 


ZOOGEOGRAPHICAL REALMS 


Students of animal distribution have divided the world’s surface 
into a number of distinct areas according to the likeness or unlike- 
ness of their faune. These divisions are based very largely upon 
the distribution of mammals, but they serve nearly as well to show 
the dissemination of other terrestrial groups, though manifestly 
not at all for the birds or for marine types. Several plans have 
been proposed having many points of resemblance but differing 
in certain minor details. The boundaries and nomenclature given 
on the present map (Fig. g) are largely those of W. L. and P. L. 
Sclater, proposed in 1899. ‘The realms are plotted upon a polar 
projection map instead of the usual Mercator’s projection, as 
the former renders the migratory routes much more intelligible. 

Most naturalists agree in dividing the land surface of the globe 
into six primary areas, to which the term realm has been applied. 
These have been more or less divided into subrealms, some of which 
are in the nature of transition areas between the larger realms. 
The six realms are: 

1. The Nearctic (Gr. véos, new, and a@pxtixos, arctic), embrac- 
ing all of North America to the edge of the Mexican plateau 
and including all of the islands to the north, together with Green- 
land. 

2. The Neotropical, consisting of Central America south of the 
Mexican plateau, all of South America and the Antilles or West 
Indian islands. 

3. The Palearctic (Gr. madads, ancient), embracing the 
whole Eurasian continent, except that portion lying south of the 
northern line of Persia and Afghanistan, the Himalaya Mountains, 
and the Nan-ling Range in China, all of which are barriers of a 
physical nature which most animals can not surmount. Africa 
north of the Sahara, Iceland, Spitzbergen, and the Arctic islands 
north of Siberia are included in this realm. 

4. The Ethiopian, including all of Africa and Arabia south of 
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the Tropic of Cancer, although some authorities extend it north 
to the Atlas Mountains, making it thus include the entire Sahara. 
Madagascar and other small adjacent islands also come within this 
realm. It is almost exclusively tropical, more so than any other 
region. 

5. The Oriental, consisting of the southern coast of Asia east 
of the Persian Gulf, the entire peninsula of India south of the 
Himalayas, India East, and the portion of China south of the 
Nan-ling Range. The islands of Sumatra, Borneo, Java, Celebes, 
and the Philippines are also included. 

6. The Australian, embracing Australia, New Guinea, Tasmania, 
New Zealand, and the oceanic islands of the Pacific. 

Owing to the great similarity of their respective faune the 
Nearctic and Palearctic are sometimes grouped together as the 
Holarctic (Gr. 6A0s, entire) realm. 

Lydekker has proposed three major terms to include the whole 
terrestrial surface, which make a strong appeal to the student of 
extinct as well as of living mammals, as they represent the three 
great areas of independent mammalian evolution (see continental 
adaptive radiation, Chapter XVIII). Lydekker would include 
Nearctic, Palearctic, Ethiopian, and Oriental regions, among which 
there has generally been more or less freedom of intermigration, 
in one great Arctogeic (Gr. apxtos, north, and yata, land) 
realm. South America or the Neotropical region was for a long 
time during the Tertiary isolated from the rest of the world and 
to it he has given the name Neogea or the Neogzic realm. The 
third great realm, the Australian, which has been isolated since the 
beginning of the Tertiary, he calls Notogea (Gr. vdéros, south), 
and this is to-day the home of those living ‘“ Mesozoic”’ annals, 
the marsupials, which competition has practically eliminated fon 
the rest of the globe. 
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CHAPTER V 
BATHYMETRIC DISTRIBUTION 


Definition._-Bathymetric ! distribution concerns itself with the 
vertical range of organisms in space, and means much more than 
mere altitude, in that in passing from the highest alpine peak to the 
profoundest depths of the sea one would find a series of contrasting 
conditions which of necessity profoundly affect the organism. Of 
these the primary conditions are three. (1) The air or water 
medium, which determines the method of breathing, is, with few 
exceptions, in each case prohibitive to the inhabitants of the others. 
(2) The presence or absence of light not only modifies the animal 
directly but indirectly through its effect upon the food supply, 
for assimilative plants, which form the ultimate nourishment of all 
animate nature, can not exist where light is wholly absent. (3) The 
third primary condition is the presence or absence of a substratum, 
without which the organisms must be self-supporting, either buoy- 
ant or able to swim. This condition therefore determines the 
bionomic group to which the animal belongs, whether plankton or 
nekton on the one hand, or benthos on the other (see Chapter IIT). 

The secondary conditions limiting bathymetric distribution are 
whether the water be fresh or salt, and the increase of pressure with 
the depth—very slight for air-dwelling forms but relatively enor- 
mous for those dwelling in the sea. 


THREE ORGANIC REALMS 


Hence from the bathymetric as well as from the geographic 
standpoint three organic realms may be recognized. The bathy- 
metric divisions are: 

Geobiotic (Gr. 4, land, and AiwtiKds, pertaining to life) or 
terrestrial. 


1 Bathymetric (Gr. Bd00s, depth or height, and perpetv, to measure) is here 
used to cover the entire vertical range of organisms in accordance with the 
practice of Parker and Haswell and of Grabau. Other authorities limit it to the 
aquatic realm, using the term altitudinal for the distribution of terrestrial forms. 
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or rivers). 


Halobiotic (Gr. &s, sea) or marine or salt-water inhabiting 
(the sea). 

These three realms stand in marked contrast to one another, al- 
though, as we shall see, the inhabitants do intermingle to a certain 
extent at their lines of contact, which also give opportunity for 
permanent intermigrations. 
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Geobiotic or Terrestrial Realm 


The terrestrial realm extends from high-tide mark along the 
shores of all continents and islands to the summit of the highest 
elevation. It ranges in altitude, therefore, from lowlands to the 
Alpine subregion, and each division—lowland, upland, prairie, 
high plain, or mountain range—has its own distinctive fauna and 
flora, governed by many influences but in part at least by altitude. 
This limits quite effectively the character of the flora, as for ex- 
ample the contrasting vegetation of the tropical Mexican coastal 
lowlands on the one hand and of the temperate high plateau on the 
other. The so-called timber-line, the limit of tree growth, is also 
governed by altitude, although varying in different regions, due to 
latitude and climate. 

One additional terrestrial subrealm is the Cryptozoic (Gr. 
KpuTrT0s, to hide, and $%, life) or the subterranean caves, the only 
place in the geobiotic realm where light is absent. As we shall see 
in a later chapter (Chapter XXIII) this forms a limited biologic en- 
vironment which profoundly affects its denizens. Internal para- 
sites and the wood-boring larve of insects also dwell in a lightless 
environment and are consequently modified. 


Limnobiotic Realm 


The terrestrial waters contain a rather limited fauna, as compar- 
atively few of the invertebrate phyla have ever attained a foothold 
therein. This possibly is due in part to the freshness of the water, 
but also to the flowing character of the terrestrial waters, a condi- 
tion to which the great majority of invertebrates with their mero- 
planktonic larve can not adapt themselves. Certain lakes and 
relic seas are the only bodies of fresh water of sufficient depth to 
have the deep-sea characteristics of absence of light and increase of 
pressure, but we do not find such profound modifications in lacus- 
trine forms as in those which people the abyss. This is probably 
due in large measure to the evanescent character of all lakes from 
the geologic point of view. They are individually so short-lived 
that there has not been time for any very marked adaptive char- 
acteristics to develop in their inhabitants. Thus, for instance, 
while phosphorescent or light-producing organs are so characteristic 
of deep-sea and nocturnal marine animals, none are found either in 
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the deep lakes or in the equally evanescent caves, although in each 
instance they might be very useful in the struggle for existence. 


Halobiotic or Marine Realm 


Biologically speaking, the most important bathymetric realm 
is the marine, for here we find all the contrasting characteristics 
abundantly developed, except, of course, the atmospheric medium, 
and in addition the ages during which the ocean has existed have 
afforded sufficient time for evolution to run its course. 

The marine realm is divided into four subrealms, whose char- 
acteristics are as follows: 


Strand, light, substratum present 

Flachsee or shallow sea, . s 

Pelagic, absent 

Abyssal, dark, < present or absent 


Strand.—The strand or tidal zone is the transitional area be- 
tween the marine and terrestrial realms, for here the inhabitants 
are left bare twice daily by the receding tide and have to endure 
drying, either by means of closable shells or other devices, or bur- 
row down into the moist sands, or must be able to breathe both 
the air and the water. The tidal zone is of course of very variable 
extent, owing to the differing height of tides and the declivity of 
the strand itself, and ranges from a width of a few feet to several 
and in rare cases to many miles; in the Bay of Fundy, the tides, 
running into a constantly narrowing area, grow proportionately 
higher until they attain the greatest altitude recorded in the world, 
about 60 feet at the time of the highest tides. Thus in Minas Basin, 
full-rigged deep-water ships may be seen lying in the red mud with 
no water in sight, and yet a few hours later they will be borne on 
the bosom of the incoming tide. 

Flachsee.—The term Flachsee (which is derived from the Ger- 
man) or shallow sea is applied to the waters overlying the con- 
tinental shelf below low-water mark. This continental shelf is 
formed by the action of storm waves, which are continually cutting 
back the shore-line and depositing the débris, together with other 
land waste, upon the area, especially at its outer edge. This margin, 
which marks the extreme limit of wave action, is in round numbers 
about 600 feet below the surface of the sea, or at the roo-fathom 
line. 
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The continental shelf varies in extent, as does the strand, in- 
creasing in width at both the inner and outer margins, and is nar- 
rowest along the newer shores of continents and islands and widest 
where the coastal area is old or possibly subsiding. The slope of 
the continental shelf is, in general, long and smooth, the bottom 
near the outer edge descending more or less rapidly to the more 
profound depths of the sea (see diagram, Fig. ro). 

‘The Flachsee is of the utmost importance biologically, for it 
has both light with its attendant vegetation, and a substratum 
whereupon benthonic organisms may dwell. Furthermore, its 
relative shallowness makes the presence of comparatively low 
physical barriers effective for the isolation which is so essential in 
evolution. All of these factors, light, plant-food, movements of 
the waters, warmth, and isolation, make the Flachsee a veritable 
hot-bed of evolution. Its importance as such has been abundantly 
recognized, so that it has been called the “cradle of evolution.” 


“The shore-fauna is certainly the most representative of all faunas. 
What pictures rise in the mind! Swiftly moving infusorians lashing 
their way through the water; Foraminifera with beautiful shells of lime 
slowly gliding on the fronds of sea-weed; calcareous sponges like little 
vases and more irregular flinty- and horny-sponges, sometimes coating 
the rocks like the common crumb-of-bread sponge, sometimes growing in 
beds like the plants they were once supposed to be; hydroid zoophytes 
like miniature trees on rock or sea-weed; sea-anemones and corals often 
like beds of flowers, living an easy-going life, waiting for food to drop 
into their mouths, or stinging small passers-by; unsegmented worms 
such as the ‘living films’ which glide on the sea-weeds or stones like 
mysteriously moving leaves, and the nemertines or ribbon-worms, also 
covered with cilia, but provided with a remarkable protrusible probos- 
cis, sometimes ejected so violently as a weapon that it breaks off alto- 
gether and wriggles like a worm itself; the higher ringed worms or annelids 
in extraordinary numbers, like Nereis, Phyllodoce, and Aphrodite itself, 
so beautiful in themselves and in their names that we can understand the 
enthusiasm of the expert who is said to have named his seven daughters 
after seven favorite Polychzts; the starfish creeping up the rocks with 
their strange hydraulic locomotor system, the brittle-stars using their 
lithe arms like gymnasts, the sea-urchins tumbling along on the tips of 
their teeth, and the sluggish sea-cucumbers plunging their tentacles into 
the mud and then into their mouths; the beautiful colonies of ‘moss- 
animals’ or Bryozoa, crusting stone and weed as if with lace, or forming 
leaf-like fronds like the seamat (Flustra), which was one of the first 
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animals Charles Darwin worked at, or growing into calcareous tufts as 
if in mimicry of corals; myriads of crustaceans, such as water-fleas, acorn- 
shells, beach-fleas, sandhoppers, no-body crabs, sea-slaters, shrimps, 
hermit-crabs, and shore-crabs proper; strange sea-spiders, neither crusta- 
ceans nor spiders, like Pycnogonum littorale, clambering among the sea- 
weeds and hydroids; . . . bivalves innumerable, such as cockles and 
mussels, oysters and razor-fish; herbivorous gasteropods like periwinkles, 
and voracious carnivores like the dog-whelks and buckies; sedentary 
limpets with a slight range of movement and a slight memory for locality, 
since beyond a narrow radius they fail to find their way home; an occa- 
sional cuttle-fish caught in a shore-pool and many more further out; a 
large representation of ascidians or sea-squirts, both simple and com- 
pound, which lie at the base of the vertebrate series; the lancelets (Am- 
phioxus) buried all but their mouth in the fine sand; true shore-fishes like 
sand-eels and gunnels and shannies; an occasional reptile like the lizard 
Amblyrhynchus which swims out among the rocks, or a poisonous sea- 
snake, or a turtle coming ashore to lay her eggs; numerous shore-birds 
like oyster-catcher and rock pipit, gull and cormorant; and an occasional 
mammal like otter and seal—on the whole a more representative fauna 
than in any other life-area.” 

Keen Struggle for Existence.—‘‘It is evident that the shore-area 
must be characterized by a keen struggle for existence. In the open sea 
there is practically no limit to the floating room and swimming room, but 
the shore is narrow and crowded. Ina rock pool there is often no vacant 
niche. There is competition even for foothold. It is important, for in- 
stance, that the limpet which makes little journeys in search of seaweed 
to nibble should not go too far, else it will not find its way back, and will 
have lost the spot which its shell has grown to fit. It is curious, too, to 
see the American slipper-limpet—one growing on the top of another to 
the number of four or five—suggestive of the root-idea of a skyscraper ” 
(Thomson). 


Pelagic Realm.—The pelagic realm embraces all of the super- 
ficial waters of the ocean down to the depth to which effective 
sunlight penetrates. It is characterized physically by the presence 
of light and the absence of a substratum. In the upper portion 
there is variable temperature and frequent and violent wave ac- 
tion, while in its lower strata the movement of the waters and the 
temperature are greatly reduced. 


The distance to which sunlight penetrates varies, being manifestly 
greater in the tropics where the sun’s rays may be perpendicular to the 
surface of the sea, and less toward either pole where the rays become more 
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and more oblique. By exposing photographic plates at various depths 
it has been ascertained that light penetrates in the tropics to a depth of 
3250 feet, though this is true only of the ultraviolet and blue rays. Red 
and green rays fail to penetrate to 1625 feet, but at 325 feet all of the 
rays of ordinary bright sunshine are present, though red light is the least 
strong. 


Assimilating plant life, which, as we have seen, forms the ulti- 
mate food supply of all animals, is dependent upon the presence of 
these red, orange, and yellow rays, which virtually restricts it to 
the upper 500 feet of oceanic waters. The importance of this is 
such that the vertical limit of the pelagic zone may be placed at 
about 600 feet or 100 fathoms; hence it becomes a seaward exten- 
sion of the Flachsee. 

Owing to the absence of a substratum, however, no benthonic 
forms can exist in the pelagic realm, but all must be either nektonic 
or planktonic. The pelagic realm constitutes therefore the high 
seas, and is not only the meeting place of the commerce of all na- 
tions but the great means of dispersal for countless forms of marine 
life, including the mero-planktonic larvee of shallow- and deep- ° 
water benthos. 

Abyssal Realm.—The abyssal realm is that portion beyond the 
limits of the continental shelf and beneath the pelagic, and includes 
all waters below a depth of 100 fathoms (more than 1o5 fathoms 
according to Professor E. Forbes in the Century Dictionary). 
This realm may be divided into the abysso-pelagic zone, wherein 
there is no substratum, and all organisms, like those of the pelagic, 
must swim or float; and the abysso-benthonic zone, in which a 
substratum is present. 

The main characteristics of the abyssal realm are: (1) Absence 
of light. Light of course must exist in the upper transitional 
strata but it lacks the essentials to assimilating plant life, hence 
none exists. The animals therefore are all either carnivorous or 
feed upon dead organic matter, some of which is of plant origin 
(oozes, see Chapter XXIII). Below the transitional realm the 
darkness, except for phosphorescence, is profound. 

(2) Quiescence. There is an utter absence of movement aside 
from the sluggish ocean currents of the greater depths, the progress 
of which is immeasurably slow. 

_” (3) Cold. Below a certain depth, the waters in all oceans the 
world over have become permanently chilled nearly to the freezing 
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point of fresh water, and all diurnal and seasonal variations of 
temperature and those due to the climatic zones cease to exist. 


The mean temperature of the Atlantic at the surface is 68° F., at 500 
fathoms 37°, at 1000 fathoms 35.6°. The Mediterranean, on the other 
hand, is warmer, owing to the barrier at the Strait of Gibraltar, which 
prevents the circulation of the deeper and colder waters. At equivalent 
depths the Mediterranean temperatures are: surface, 75° F., 500 fathoms, 
55° F., and 1000 fathoms, 55°. 


(4) Pressure. The pressure of the abyssal waters is enormous, 
increasing directly with the depth, the ratio of increase being about 
one ton to the square inch of surface for every thousand fathoms 
of depth, as compared with the normal 15 pounds to the square 
inch at sea-level. 

Thus the abyssal realm constitutes a simple biologic environ- 
ment of vast extent but of comparatively uniform and changeless 
character and hence one not conducive to rapid evolutionary. 
change. None of the deep-sea creatures is old geologically speak- 
ing, for while from twenty-five to thirty-five Paleozoic genera and 
a larger number of species are known in the present shallow seas, 
none of the animals which people the deep sea are older than the 
Mesozoic. They seem to be all migrants from shallow water which 
have become adapted to the deep-sea conditions, but there is in 
no instance the evolution of a new race of animals exclusively re- 
stricted to the abyssal realm. 


Intermigrations 


Intermigrations between the various benthonic realms do occur 
where opportunity arises. They are, as in the case of geographic 
migrations, both permanent and temporary, the latter being di- 
vided in turn into seasonal migrations for breeding and occasional 
journeys for food or retreat. 

Permanent migrations shoreward have not been many. Of 
the plants, there have been only the numerous fuci or seaweeds 
which extend above the limits of the strand from just below high- 
water mark to the limits of salt spray. Thus while strictly terres- 
trial, they still feel the influence of their ancestral home. Beyond 
this point the migration apparently can not extend. 

Of the animals, certain molluscs are also shoreward migrants, 
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but these are gastropods only, for they alone seem able to combine 
air-living with locomotion; the bivalves, for instance, surviving 
exposure to the air by keeping the shell tightly closed, which makes 
any activity manifestly impossible. Examples of shoreward mi- 
grating snails are Littorina of Brazil, which climbs the mangrove 
trees, and Ampullaria, the connecting link between land and water 
snails. Of the Crustacea, there are several species of land crabs, 
of which one, Birgus, an ordinary crab-like form, is found far from 
the shore and even climbs mountains and trees, but returns to the 
sea-shore every year to breed, the marine habitat of the young 
indicating to us the ancestral home of the species. Another land 
crab, Cenobita diogenes, is one of the hermit crabs which utilize the 
cast-off shell of some gastropod for the protection of their otherwise 
defenseless body. A specimen from the Dry Tortugas group of the 
Florida Keys actually has a fossil shell (Livona pica) for its habita- 
tion. It is possible that the terrestrial isopods, wood-lice and pill- 
bugs, were also derived from a littoral stock. Probably, however, 
most of the transitions have taken place through accident in the 
relic seas or lakes. 

The transition from aquatic to terrestrial life on the part of the 
vertebrates, although doubtless occurring long ago, even previous 
to Devonian time, was another instance of permanent landward 
migration, but whether from the marine littoral, the land-locked 
seas (relic seas freshened into relic lakes), or from the originally 
fresh or terrestrial waters is not quite clear. Evidence, however, 
seems to point to the latter supposition. The annual return of 
most amphibia to the limnobiotic rather than the halobiotic realm 
for the purpose of bringing forth their young points to the former 
as the ancestral habitat of the race (see Chapter XXIX). 

Temporary shoreward migrations are seen in several fishes, 
notably the common eel, which may travel from one pond to an- 
other through moist meadow grass. Periophthalmus, a curious 
fish found along the shores of tropical seas, inhabiting the mud- 
flats at the mouths of the various tropical rivers of the Old World, 
is popularly known as the walking fish or mud-skipper, as it emerges 
freely from the water for hours at a time, progressing by means of 
its curiously modified pectoral fins. The lung-fishes (Dipnoi), 
whose swim-bladder is modified to serve as a lung, can also live a 
long time out of water. While there is evidence that the Dipnoi 
are the survivors of a widespread group of fishes, they are all con- 
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fined to the fresh waters of Australia, Africa, and South America 
to-day. The climbing perch, Anabas, which inhabits fresh waters 
and estuaries in Africa and the oriental region, not only comes 
ashore but actually climbs trees to the height of several feet by 
means of the strong spines on its pelvic fins and gill-covers. (See 
Fig: 137.) 

Permanent Seaward Migrations.—Of plants there are eight 
species df phanerogams or sea-grasses which have become adapted 
to salt-water life. The mangrove trees make their homes along 
tropical shores within the reach of the tides, but while the roots 
and portions of the trunk may be entirely submerged, the crown 
of leaves is always in the air; the grasses of which mention has 
just been made may, however, be wholly below the surface of the 
water. 

Of arthropods, there are a number which have become entirely 
marine, although of terrestrial origin, notably the sargassum insects 
which live among the floating fronds of'the gulf weed and a spider 
(Desis) found in rocky crevices along the shore. Of the vertebrates, 
the marine migrants belong only to the three higher classes, land- 
to-sea migrations on the part of fishes being @ priori impossible and 
on the part of amphibia rare, as salt water is distasteful if not 
actually fatal to them. Doctor Gadow says that common salt is 
poison to the amphibia, even a solution of 1 per cent preventing 
the development of the larve, nevertheless we have reports of little 
frogs of the genus Rana hopping about on the flats of a tidal creek 
opening into Manila Bay, and two holes made by a crab were seen 
to be full of wriggling tadpoles newly hatched. The tadpoles were 
developing in only slightly diluted sea-water. However, even 
though occasional temporary migrations may occur, there is no 
instance at present or in the geologic past where amphibia have be- 
come permanently adapted to marine life. 

Of marine reptiles, however, the tale is a very different one, foe 
not only are there several different sorts—marine turtles, crocodiles, 
and sea-snakes—living to-day, but the geologic record is crowded 
with remains of sea-going Reptilia—plesiosaurs, the wonderfully 
adapted, dolphin-like ichthyosaurs, the Cretaceous sea-serpents or 
mosasaurs, and many others, all of which have become extinct. 

Of birds, many, like the gulls, terns, frigate-bird, auks, and 
petrels, make their home on the bosom of the sea, but none per- 
haps is so thoroughly adapted as the great wandering albatross 
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which follows a ship for miles without resting, and has almost en- 
tirely forsaken the land as an abiding place. 

Among ancient forms, Hesperornis (see Pl. XV) from the marine 
Cretaceous strata of our great West was an admirable instance of a 
sea-adapted bird. It had lost completely all powers of flight, while 
the retention of reptile-like grasping teeth in its jaws and its in- 
. Clusion in marine sediments in association with plesiosaurs, mos- 
asaurs, and other marine reptiles and fishes give indubitable 
evidence of its habitat. 

Of mammals, the seals, whales, and Sirenia or sea-cows are in- 
stances of permanent seaward migration, possibly by way of the 
terrestrial rivers or estuaries. The resultant modifications of these 
as well as of certain of the marine reptiles, which will be discussed 
in Chapter XX, are so profound as to render their return to the 
ancestral habitat either a relatively rare temporary migration, as 
in the case of the sea-turtles and seals, or an impossibility, as among 
the ichthyosaurs and whales. 

Temporary Seaward Migrants.—Of temporary seaward mi- 
grants, the most noteworthy is the curious iguana-like lizard 
Amblyrhynchus cristatus (see Fig. 60) which is found in the Gala- 
pagos Islands. Darwin says of it: “It is extremely common on 
all the islands throughout the group, and lives exclusively on the 
rocky sea-beaches, being never found, at least I never saw one, 
even ten yards in-shore. . . . Their tails are flattened sideways, 
and all four feet partially webbed. They are occasionally seen some 
hundred yards from the shore, swimming about. . . . When in 
the water this lizard swims with perfect ease and quickness, by a 
serpentine movement of its body and flattened tail—the legs being 
motionless and closely collapsed on its sides. . . . I opened the 
stomachs of several, and found them largely distended with minced 
sea-weed (Ulve), which grows in thin foliaceous expansions of a 
bright green or a dull red colour. . . . I have reason to believe it 
grows at the bottom of the sea, at some little distance from the 
coast. If such be the case, the object of these animals occasionally 
going out to sea is explained. . . . The nature of this lizard’s food, 
as well as the structure of its tail and feet, and the fact of its having 
been seen voluntarily swimming out at sea, absolutely prove its 
aquatic habits; yet there is in this respect one strange anomaly, 
namely, that when frightened it will not enter the water. Hence 
it is easy to drive these lizards down to any little point overhanging 
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the sea, where they will sooner allow a person to catch hold of their 
tails than jump into the water. . . . Perhaps this singular piece 
of apparent stupidity may be accounted for by the circumstance, 
that this reptile has no enemy whatever on shore, whereas at sea 
it must often fall a prey to the numerous sharks. Hence, probably, 
urged by a fixed and hereditary instinct that the shore is its place 
of safety, whatever the emergency may be, it there takes refuge.” 

Among: mammals, temporary seaward migrants include the 
polar bear but especially the sea-otter, the latter being of par- 
ticular interest in illustrating the course of evolution which the 
seals must have undergone in their adaptation to permanent marine 
life. This otter (Enhydris) was still comparatively plentiful all 
along the northern Pacific coast in the middle of the last century, 
but because of its valuable fur has been almost entirely extirpated. 
It is well adapted for aquatic life, with hind feet suited only for 
swimming, back teeth with smooth rounded crowns for crunching 
“shell-fish,”’ and in the care which the mother shows for the pup,— 
dandling it and diving with it. 

Another very remarkable seaward migrant is the hippopotamus, 
which while really a terrestrial or river-inhabiting form, occasionally 
takes to sea in its passage from one river-mouth to another along 
shores which would be otherwise difficult to traverse. 

Permanent Migrations from Sea to Fluviatile Realm.—In all 
probability the molluscs, fresh-water clams, mussels and snails, the 
crustaceans and the crayfish represent permanent or land-locked 
migrants from salt to fresh waters; but the great host of marine 
invertebrates have never succeeded in gaining a permanent foot- 
hold in the fluviatile realm. There are some curious instances of 
creatures, vertebrates and invertebrates, however, which have 
made what might be called involuntary migrations into fresh 
water. Such animals are found in what are known as relic seas, 
formerly in direct open communication with the oceans but now 
cut off from them. ‘‘The best-known examples of these severed 
bodies of marine waters,” according to Schuchert, “are the Black 
Sea and the Caspian Sea, both of which were once widely con- 
nected with the Mediterranean. These seas are therefore marine 
relics of the past that have gradually been freshened through the 
inflow of rivers.” The animals which inhabit these seas are also 
relic faunas or relic species which upon being cut off from their 
ocean-living brethren have adapted themselves to the gradually 
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freshening waters. In the Caspian Sea, for instance, while there 
are comparatively few different kinds of animals, the fishes are so 
abundant in ¢dividuals that the fisheries are equal to those of the 
northern Atlantic Ocean. The fauna includes sturgeon, salmon, 
herring, porpoises, and seals. American examples of relic seas and 
lakes are Lake Ontario and more especially Lake Champlain. 
Squids are still present, though rare, in Lake Onondaga, once a 
tributary of Lake Ontario, while the elevated beach deposits of 
Lake Champlain contain an abundance of marine shells and the 
bones of seals and whales. 

Temporary Migrations from Sea to Fluviatile Realm.—There 
are a number of fishes, such as the shad, alewife, sturgeon, and 
salmon, which, while the major portion of their life is spent in the 
sea, ascend the rivers annually to spawn. Of these the most notable 
are the salmon, which ascend the Sacramento River to its extreme 
source, a distance of about 400 miles. In the Columbia they ascend 
as far as the Bitter Root and Sawtooth mountains of Idaho, a 
distance of nearly a thousand miles; but their extreme limit is 
not known. In the Yukon a few ascend to Caribou Crossing 
and Lake Bennett, 2250 miles. “At these great distances, when 
the fish have reached the spawning grounds, besides the usual 
changes of the breeding season, their bodies are covered with 
bruises, on which patches of white fungus (Saprolegnia) develop. 
The fins become mutilated, their eyes are often injured or de- 
stroyed, parasitic worms gather in their gills, they become extremely 
emaciated . . . and as soon as the spawning act is accomplished, 
and sometimes before, a// of them die. The ascent of the Cascades 
and the Dalles of the Columbia causes the injury or death of a 
great many salmon’ (Jordan). This wonderful instinct again 
points to the salmon and other fishes having originally been fresh- 
water forms which have made a permanent migration seaward in 
some bygone period, but the homing instinct still impels them to 
return to their ancestral waters to bring forth their young, even 
though the act be suicidal so far as the individual is concerned. 

Permanent Migrations from Fluviatile Realm to Sea.—If, as 
certain authorities (Chamberlin) claim, the land waters are the 
ancestral home of all vertebrates (see Chapter XXVIII), the 
marine fishes must have all come from one or more ancient sea- 
ward migrants from the fluviatile realm. It has also been argued 
that the Cetacea, some of which, like the blind fresh-water dolphins 
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(Platanistide), inhabit the rivers of India, made the limnobiotic 
realm their transitional habitat in their ancestral migration from 
land to sea. This, however, can not be proved, although the sup- 
position that they were at least estuary-inhabiting forms before 
taking to the high seas is certainly plausible. 

Temporary Migrations from Fluviatile Realm to Sea.—Of 
transitory migrants perhaps the most notable is the ordinary 
fresh-water eel. Thomson thus describes their life history: ‘‘The 
eels of the whole of northern Europe probably begin their life 
below the 500-fathom line on the verge of the deep sea away to the 
west of the Hebrides and Ireland, and southwards to the Canaries. 
The early chapters of the life-history remain obscure, but the young 
larva rises to the upper sunlit waters as a transparent, sideways- 
flattened, knife-blade-like creature, about three inches in length, 
with no spot of color save in its eyes. It lives for many months 
in this state—known as a Leptocephalus—expending energy in 
gentle swimming, but taking no food. It subsists on itself, and 
becomes shorter syd lighter, and cylindrical instead of blade-like, 
It is transformed into a glass-eel, about two and a half inches long, 
like a knitting needle in girth. It begins to move towards the 
distant shores and rivers. In some cases it may take more than a 
year to reach the feeding ground—those that ascend the rivers of 
the eastern Baltic having journeyed over three thousand miles. 
Their ranks are thinned, but large numbers succeed in finding 
the estuaries, and the passage of millions of elvers up our rivers is 
one of the most remarkable sights of Spring. There is a long period 
of feeding and growing in the slow-flowing reaches of the rivers 
and in the fish-stocked ponds. But there is never any breeding in 
fresh water, and after some years a restlessness seizes the adults as 
it seized the larvee—a restlessness due, however, to a reproductive, 
not to a nutritive motive or impulse. There is an excited return 
journey to the sea—they don wedding garments of silver as they 
go and become large of eye. They appear to migrate hundreds of 
miles, often at least out into the Atlantic to the verge of the deep 
sea, where, as far as we know, the individual life ends in giving rise 
to new lives. In no case is there any return.” This is a case of 
former salt-water fish which having made a permanent migration 
into the fresh waters in some remote time, still seek not only their 
own birthplace but that of the race for the purpose of bringing 
forth their own young. 
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Migrations from Sea to Air and Air to Sea.—The intermigra- 
tions between the sea and the air are relatively few. Under migra- 
tions from sea to air would come as temporary intermigrants the 
flying fishes, of which several genera, representing a number of 
separate evolutions, are known. Their aérial existence is very 
transitory, as the flights, if such they are, rarely exceed a hundred 
yards and are generally far shorter. 

Of air to sea migrants the penguins are perhaps the best instance, 
as they have lost entirely the power of aérial progression, but their 
wings, through the degeneracy of the feathers and a compensating 
broadening of the entire structure, have become admirable swim- 
ming devices for what may be called submarine flight. 
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CHAPTER VI 
GEOLOGICAL DISTRIBU‘ION 


The distribution of animals and plants in time is fully as im- 
portant to our understanding of evolution as their distribution in 
space, for while the biologist who bases his research upon recent 
forms alone need concern himself with the latter distribution only, 
the student of the documentary evidences of evolution, which are, 
after all, the final court of appeal, is concerned very deeply with 
the former. The reader is referred to an Historical Geology such 
as Schuchert’s for a complete understanding of the basis for the 
divisions of geologic time, but the following statements will suffice 
for our purpose. 

The science of geologic chronology is the result of a century and 
a half of growth, and while the major divisions of earth’s history and 
their limitations are now pretty well understood and agreed upon, 
there are yet many details to be adjusted. “Geology,” says 
Schuchert, ‘‘was at first a science of minerals and rocks, and it was 
not until the significance of fossils as determinants of age was first 
worked out in England by Smith (1799-1801) and still more clearly 
by Cuvier and Brongniart in France (1808-1811), that stratigraphy 
and geologic chronology had their beginning.” Then arose the 
doctrine of Catastrophism, advocated by Cuvier and D’Orbigny, a 
doctrine by which geologists, with the exception of Lyell, were 
largely swayed until the appearance of The Origin of Species, when 
they gradually came to a belief in the continual evolution of life. 
“The idea of Catastrophism has now given way to the theory of 
local and general changes in the environment, changes that bring 
about small and great alterations in the plants and animals and 
in their local associations. We learn, therefore, that the primary 
basis for discerning the sequence of geologic events is the fossils 
entombed in the rocks at the time of the formation of the latter. 
However, many rocks have no fossils, and in the earlier and longer 
portion of the earth’s history the life then existent was so rarely 
preserved that other methods have had to be devised to unravel 
their sequence and genetic relation to one another.” 
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Eras.—Geologists, as a result of study of the rocks with their 
contained evidences of changing environmental conditions, have 
divided the earth’s past history into a number of major divisions 
called eras, the names of which indicate the degree of evolutionary 
advancement of life; thus, beginning with the most ancient, Archeo- 
zoic (primal life), Proterozoic (primitive life), Paleozoic (ancient 
life), Mesozoic (medieval life), Cenozoic (modern life), and Psycho- 
zoic (mental life). 

Periods.—The eras in their turn are divided into periods, the 
names of which are in large measure géographic; that is, they were 
taken from the locality where the rocks pertaining to the period 
were first described, or they may be of historic significance in the 
development of the science. Thus, the names Cambrian, Ordo- 
vician, Silurian, and Devonian take their origin from the ancient 
inhabitants of England or Wales, or from the districts where the 
rocks are best developed; Triassic refers to the tripartite division 
of the rocks of that period in Germany; Jurassic to the Jura Moun- 
tains in Switzerland, in which the strata are admirably displayed; 
while Cretaceous, a relic of the old days of mineral geology, is from 
the extensive chalk deposits pertaining to the formation in Western 
Europe. 

'Epochs.—Subdivisions of periods have been called epochs. The 
epoch terms of the Cenozoic and Psychozoic eras are Eocene (dawn 
of the recent), Oligocene (little recent), Miocene (less recent), ' 
Pliocene (more recent), and Pleistocene (most recent). Popular 
names such as “Age of Man” for the Psychozoic era or “Age of 
Mammals” for the Cenozoic, are also in general use. 

Reduced to its last analysis, the limits of all these eras, periods, 
and so on are due to certain more or less profound changes, climatic 
and otherwise, which have as a basic cause the warping of the 
earth’s crust due in turn to shrinkage of the earth’s mass, giving 
rise not only to land elevation and often extensive mountain mak- 
ing, but to the alteration of the strand-line or line of demarcation 
between land and sea. This implies of course inroads of the sea 
upon the land, with the severance of old migratory routes and the 
restriction of terrestrial habitats, or the withdrawal of the waters 
and the formation of new land-bridges or the resurrection of those 
which formerly existed but which have been temporarily de- 
stroyed. It will be readily seen how profound an influence upon 
the evolution of life such movements may have—and there were 
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many of them—especially when we bear in mind the attendant 
climatic changes, some of which were of a very marked character 
(see Epilogue). For changes of climate react directly upon plant 
life and hence both directly and indirectly upon that of animals, 
while restriction or amplification of habitat and the severance or 
formation of land-bridges provide the essential isolation, or by 
the introduction of new forms increase competition, both of which 
stimulate evolutionary progress. Hence it is that evolution is 
not a uniform process, but where profound geologic changes are 
recorded, the tide of life flows more swiftly, and on the other hand, 
during the long periods of comparative quiet, evolution is slowed 
down to an almost imperceptible rate of change. The times of 
rapid progress Cope called “expression points”’ in evolution, and 
the rhythm is more or less synchronous with the physical changes 
which time has wrought in the earth itself. 

Geologic Time Scale.—A convenient time scale has been worked 
out, knowledge of which is fully as important to a student of 
evolution as is a general idea of the geographic or bathymetric 
divisions of the earth’s surface. It follows in general the geologic 
time-tables of Schuchert and Barrell. 
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GEOLOGIC CHRONOLOGY FOR NORTH AMERICA (continued) 
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_ Age of the Earth.—An estimate of the earth’s age in terms of 
years has been for a long time a subject for discussion, but the 
results vary astonishingly, as the following brief statement from 
Schuchert will show. There are two principal groups of data 
whereupon an estimate may be based: the first is the geologic one 
of the rate of sedimentation and erosion and the known thickness 
of the sedimentary rocks; the other group is that furnished by the 
physicists and is based either upon the emanation of heat from 
the earth or upon the calculated age of radioactive substances. To 
quote Schuchert: 

“In 1862 ._.'. the-physicist; Lord Kelvin, =<. held that,as our 
planet was continually losing energy in the form of heat, the globe 
was a molten mass somewhere between 20,000,000 and 400,000,000 
years ago, with a probability of this state occurring about 98,000,000 
years ago. Finally in 1897 he concurred in Clarence King’s con- 
_ clusion that the globe was a molten mass about 24,000,000 years 
ago. Both of these conclusions, however, were wrought out under 
the Laplacian hypothesis, and now many geologists hold that the 
earth never was molten. While geologists have not been able to 
fit their evidence into so short a time, they have ever since been 
trying to keep their estimates within the bounds of Lord Kelvin’s 
older calculations. Walcott, in 1893, on the basis of the strati- 
graphic record and the known discharge of sediment by rivers, 
concluded that 70,000,000 years had elapsed since sedimentation 
began in the Archeozoic. Sir Archibald Geikie places the time at 
100,000,000 years, and most geologists have tried, although with 
difficulty, to fit the record within these estimates. 

“Since the discovery of radium, all of the calculations previously 
made have been set aside by the new school of physicists, and now 
geologists are told they can have 1,000,000,000 or more years as 
the time since the earth attained its present diameter. . . . Even 
if finally it shall turn out that the physicists have to reduce their 
estimates as to the age of certain minerals and rocks, geologists 
nevertheless appear to be on safer ground in accepting their esti- 
mates than those based either on sedimentation, chemical denuda- 
tion, or loss of heat by the earth.” 

It may truly be said of evolution that it has been an extremely 
slow process, requiring an immensity of time far beyond anything 
which our minds can comprehend, even in these days when money 
and munitions and wasted lives are reckoned by the millions. 
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Records of Life.—The records of past life are the fossils en- 
tombed in the rocks. These are the actual relics of animals and 
plants which lived in past geologic ages, and their nature and the 
methods of their preservation and their interpretation will be 
discussed in full in Chapter XXV. They are found only in sedi- 
mentary as opposed to igneous or volcanic rocks, that is, in lime- 
stone, sandstone, or shales. Of these the majority were formerly 
water-borne aqueous sediments, such as sands, or muds, while 
those composed of fine sand or dust carried by the winds (eolian) 
are comparatively rare. Of the aqueous rocks the marine, es- 
pecially those formed in relatively shallow waters bordering upon 
the continents, are the most extensive, hence the record of marine 
life is far more complete than that of any other realm. Fresh-water 
deposits make up for their rarity by their importance, for they con- 
tain practically all of the relics of terrestrial life. This last record 
is very much broken, due either to a lack of deposition or to sub- 
sequent erosion. 

Climatic Variations.—At the present day, the earth presents a 
variety of climatic conditions, ranging from the equatorial belt or 
‘torrid zone where heat predominates, through the temperate zone 
where the climate is milder but where extremes both of heat and 
cold sometimes prevail, to the polar regions where intense cold is 
the rule. Not long ago, however, geologically speaking, the tem- 
perature throughout the world was much colder than now, though 
there were long intervals during the Glacial Period of almost uni- 
formly mild conditions. The warm climates persisted during long 
geological ages, and even though there were zonal belts and fluctua- 
tions in the temperature, the polar areas contained warm-climate 
animals and plants. The temperature fluctuations were greatest 
toward the beginning and end of periods and there is also evidence 
of increasing aridity at such times. 

“The long warm times were separated by short periods of cool 
to cold climates. Geologists now know of seven periods of decided 
temperature changes (earliest and latest Late Proterozoic, Silurian, 
Permian, Triassic, Cretaceous-Eocene, and Pleistocene) and of 
these at least four were glacial climates (both Proterozoic times, 
Permian, and Pleistocene). The greatest intensity of these reduced 
temperatures varied between the hemispheres, for in earliest Late 
Proterozoic and Pleistocene time it lay in the northern, while in 
latest Proterozoic and Permian time it was more equatorial than 
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boreal. Cooled climates occur when the lands are largest and most 
emergent, during the closing stages of periods and eras, and cold 
climates nearly always exist during or immediately following 
revolutions, when the earth is undergoing marked mountain 
making” (Schuchert). 


SUMMARY OF GEOLOGIC HISTORY 


As human history is divided into ancient, medieval, and modern 
periods, so geologic history is comparably divisible into eras, the 
Paleozoic, Mesozoic, and Cenozoic. Human existence, however, 
far antedates written history, there having been what historians 
are wont to call the legendary period, but which is now pretty gen- 
erally known as the prehistoric. In a like manner there stretches 
back from the beginning of the fossil records of the Paleozoic a time 
inconceivably vast, during which life must have existed upon earth, 
but the evidence for its existence is either argumentative, reasoned 
from the perfection which it had attained when legible fossil re- 
mains first appear, which implies a long antecedent evolution; or 
based upon the large deposits of limestones, graphites, and iron- 
ores which so far as our knowledge goes are mainly of organic origin. 


Pre-Cambrian 


Archeozoic and Proterozoic.—The great legendary eras are 
the Archeozoic and Proterozoic, the former of which is called the 
Age of Unicellular Life, for undoubted fossils of this time are as 
yet utterly unknown and it has been inferred that the dominant 
forms of plant and animal life were all unicellular forms, Protophyta 
and Protozoa, of very lowly organization. 

In the Proterozoic, while known marine fossils are extremely 
rare and imperfect and almost indecipherable, they nevertheless 
indicate a very material evolutionary advance. The evidence is 
positive for the existence of marine alge among plants, some radio- 
larians, and tubes and burrows made by annelid worms. But be- 
cause of their position in the scale of animal life, the tubes and 
burrows imply Annelida and these in turn the more lowly organized 
sponges, coelenterates, and other worms. This Proterozoic era, 
especially its latter half, may therefore be called the Age of Primi- 
tive Marine Invertebrates. 
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Paleozoic 


Cambrian.—By Lower Cambrian time all the main inverte- 
brate phyla had been evolved and possibly the vertebrates, as the 
fishes were well established by the Middle Ordovician. The degree 
of perfection of the invertebrates at the beginning of Paleozoic 
time shows that more fundamental evolution had taken place up 
to this time than subsequently (Schuchert). The main evolutionary 
structure of all invertebrate types having been established, their 
future changes are mainly those of detail. 

Ordovician.—The Ordovician saw the rise of the progressive 
cephalopods and the first recorded fishes, with whose development 
the trilobites, the highest and most aggressive form of Cambrian 
life, began to wane, ultimately to pass out of existence with the 
close of the Paleozoic. The active and carnivorous cephalopods 
became more and more important during the Ordovician and Silu- 
rian, to be gradually displaced by the fishes; the cephalopods per- 
sisted, however, in considerable numbers until the close of the 
Mesozoic, when they were reduced to the comparatively unim- 
portant place which they now hold. By far the vast majority of 
Paleozoic invertebrates were sedentary benthonic forms, feeding 
upon microérganisms or organic débris, though some were vagrant, 
living upon the benthonic seaweeds, and others, like the starfishes, 
were carnivorous. The Ordovician rocks give us the first meager 
evidence of land plants, for while none are known prior to that 
period, the woody kinds appear before its close. To the Ordovician 
period, therefore, we owe the origin of two most important groups of 
organisms, the woody plants and the fishes among the vertebrates. 

Silurian and Devonian.—The Silurian and Devonian periods 
collectively constitute the Middle Paleozoic, in contrast to the 
Early Paleozoic of which we have been speaking. They also usher 
in two events of prime importance to the animate world, the de- 
velopment of air-breathing forms on the part of both invertebrates 
(Silurian) and the vertebrates (Devonian). In rocks of Silurian 
age we have recorded the first scorpion as well as fishes whose 
organization is in many respects similar to that of the double- 
breathing lung-fishes of to-day. Out of this ancient lineage, al- 
though we have not yet recognized their undoubted ancestors, were 
to come the amphibia, which in turn gave rise to all the later terres- 
trial vertebrates. "The Devonian rocks also give us the first actual 
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record of amphibian life in the form of.a single footprint (Thinopus 
antiquus, Fig. 142). During the Devonian the fishes developed 
wonderfully into various armored and shark-like forms, so that 
the name Age of Fishes has often been applied to this period. 

Terrestrially the late Silurian and early Devonian were charac- 
terized by increasing aridity of climate, which seems to have been 
the impelling cause in the evolution of air-breathing vertebrates 
through the drying up of the streams and lakes wherein their fore- 
bears among the fishes made their homes (see Chapter XXIX). 
The Devonian was also the time of the establishment of the first 
land flora. 

Mississippian, Pennsylvanian, Permian.—The Carboniferous, 
which is now divided into the Mississippian and Pennsylvanian 
periods, together with the Permian, constitutes the Late Paleozoic, 
a time characterized in its earlier part by a mild, moist climate 
which, however, grew more and more severe toward the close and 
culminated in the early Permian ice age. The Carboniferous was 
therefore the great age of coal plants, the vegetation reaching its 
maximum development in variety and in the size of the individual 
plants during the Pennsylvanian period. Our knowledge of the 
plants of the time, however, is restricted to those of the low-lying 
swamps and we know nothing whatever of the upland flora. The 
coal plants were principally spore-bearing, of rapid growth, and 
soft, spongy woods. Seed-bearing trees and shrubs of many kinds 
were also present but their flowers were small and inconspicuous. 
Owing to their great carrying power the spores were very widely 
disseminated, giving the forests a very uniform character the world 
over. : 

During the Mississippian, sharks were the dominant fishes in 
the seas and oceans. They were of many kinds but consisted prin- 
cipally of the more ancient shell-feeding types which were subse- 
quently almost wholly blotted out. The Pennsylvanian with its 
widespread coal swamps formed an admirable habitat for the de- 
velopment of land animals, spiders, scorpions, centipedes, ancient 
insects, and snails among the invertebrates, and amphibians among 
the vertebrates. Probably before the close of this period true rep- 
tiles, such as had abandoned the ancestral gill-breathing even in 
the adolescent condition, appeared. Of this there is direct evi- 
dence, and in addition the deployment of reptiles in the Permian 
implies their existence during the preceding period. 
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In Permian time the flora underwent a change; harsher con- 
ditions, following the warm moist climate of the Pennsylvanian, 
either destroyed the old cosmopolitan plant life or impelled its 
evolution into hardier sorts of vegetation. A new flora then arose, 
especially in the southern hemisphere where the change began, 
because the ice age was here most dominant in early Permian time 
and spread thence throughout the world. This flora, consisting 
mainly of modern ferns, conifers, ginkgoes, and cycads, became the 
dominant vegetation throughout the Mesozoic until supplanted 
by the modern flora in Cretaceous time. Due to the stress of cli- 
mate the insects developed those wonderful larval adaptations, seen 
in the metamorphosis of living insects, that enable them to’ live 
through the winter in the resting or pupal condition (see Chapter 
XXVIII). 

The passing of the Paleozoic, which was marked by the culmina- 
tion of the Appalachian Revolution, also saw the extinction of 
many forms of ancient life, especially among plants and inverte- 
brates. Of the latter, those which survived have altered little in 
the ages which have since elapsed, while the vertebrates, especially 
the reptiles, birds, and mammals, have undergone practically their 
entire evolution. 


Mesozoic 


Triassic and Jurassic.—The Mesozoic era or Age of Reptiles 
is justly so called, for although all five classes of vertebrates (fishes, 
amphibians, reptiles, birds, mammals) were probably present 
throughout its entire length, the reptiles were the dominant forms 
of life. During the Triassic there were many kinds, some partially 
or wholly aquatic, others terrestrial. The Jurassic saw great 
numbers of reptiles inhabiting the land, the air, and the sea, and 
toward its close an immensity of size on the part of some of them 
which has never been equalled before or since on the part of either 
terrestrial or semiaquatic forms. The Jurassic also records the 
first flying reptiles and reptile-like birds, although the degree of 
their development again implies their existence during the Trias. 

Cretaceous.—The Comanchian or Lower Cretaceous witnessed 
the rise of flowering plants and the extinction of the reptiles of 
huge bulk, such mighty forms being as a race usually short-lived, 
geologically speaking. The Cretaceous proper, or Upper Cretaceous, 
saw the modernizing of the flora so that the forest plants would 
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now wear a familiar aspect, although in unfamiliar combinations. 
The land reptiles soon reached the height of their specialization 
and while not as huge as those which had gone before, exceeded 
them in grotesqueness and bizarre appearance. Toward the close 
of the Cretaceous more conservative forms again prevailed. Mam- 
mals were numerous though still small and unspecialized, while 
the birds were essentially modern except that in all known ex- 
amples they still retained the teeth characteristic of their reptilian 
ancestors. 

With the close of the Mesozoic, which was marked again by great 
crustal changes, the so-called Laramide revolution, came the ex- 
tinction of the dominant reptilian types on land and sea, thus pre- 
paring the way for the evolution of the warm-blooded mammals, 
which were to be the ruling dynasty of the Cenozoic as the reptiles 
had been the overlords of creation during Mesozoic times. 


Cenozoic 


During the Cenozoic era or the Age of Mammals, the vegetation 
was of modern cast and life conditions in the main were similar 
to those of to-day, although there is much evidence of a gradual 
elevation of nearly all lands, with a consequent increase in aridity 
and diminution of moisture-loving vegetation. This meant the 
great spread of grasses and a necessary adaptation to grazing 
habits on the part of such mammals as could do so, and the weed- 
ing out or extinction of such as could not. The widespread mead- 
ows also gave insect and bird life a more diversified habitat and 
therefore an evolutionary impetus. 

Eocene.—The Eocene period immediately followed the extinc- 
tion of the great reptiles. Then nature began afresh to people the 
world with terrestrial animals, this time of the warm-blooded furry 
mammalian stock which had so long been held in check, for though 
they had existed during the Age of Reptiles their evolutionary prog- 
ress was virtually at a standstill. The first deployment of mam- 
mals gave rise to creatures which served fairly well but were limited 
in their potential mentality, among other defects, and from Eocene 
times an increasing value has been placed upon mental prowess in 
the struggle for existence. These archaic mammals, as they have 
been called, underwent a brief career and were gradually replaced 
by the modernized forms whose brain power was capable of vastly 
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greater development. By the close of the Eocene, the replacement 
was practically complete and but few survivors of the ancient 
mammals are extant. 

Oligocene, Miocene, Pliocene.—During the Oligocene came the 
increasing aridity of climate which culminated in the Miocene, and 
with it the gradual elimination of browsing and the development 
of grazing types. The Miocene was the time of mammalian cul- 
mination, of both numbers and kinds. The Pliocene, with its 
increasingly hard conditions, prophetic of the glacial age, the forma- 
tion of new land-bridges and the severance of others, was a period 
of great unrest. Many migrations occurred the world over, new 
competitions arose, and the weaker stocks began to show the 
effects of the strenuous life. One momentous event seems to have 
occurred in the Pliocene, and that was the transformation of the 
precursor of humanity into man—the culmination of the highest 
line of evolution! 

Pleistocene.—The Pleistocene was the final period of the Ceno- 
zoic, when, owing to continued elevation of the great continents, 
the Age of Ice was ushered in, with its long periods of devastating 
cold, separated by warmer interglacial times when conditions were 
less severe and the great ice sheets retreated into their northern 
fastnesses. The Pleistocene was a time of wholesale extinctions, 
when many races of animals were blotted out, but mankind, be- 
cause of his superior mental attributes, was able to survive and 
rapidly took his place as the dominant form of life. 


Psychozoic 


With the final retreat of the ice, the Psychozoic era or Age of 
Man began, with the greater perfection of man’s mentality and the 
assertion of his ‘dominion over the fish of the sea, and over the 
fowl of the air, and over the cattle, and over all the earth, and 
over every creeping thing that creepeth upon the earth,” and the 
rise of world civilizations until their present purging in the holo- 
caust of the world’s greatest war! 
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THE MECHANISM OF EVOLUTION 


A NCP 


CHAPTER VII 
Natura SELECTION 


- All scientists and most other thinking men are now convinced 
of the truth of evolution, both inorganic and organic: that out of 
simple beginnings, when in the course of ages the earth was fit for 
organic habitation, life began, and by a continual unfolding process 
there has come not only all of the marvellously adapted forms of 
animal and plant life which we see to-day, but those which Paleon- 
tology reveals to us and such as we know existed but of which no 
discoverable relic remains. 

For our purpose, then, the fact of evolution is taken ab initio, 
without argument, together with the assumption that all organisms 
which do exist or have existed are blood-related, though the degree 
of relationship varies from the nearest to one inconceivably remote. 
But while the fact of evolution may be accepted as true, the ways 
and means whereby it has been brought about are not so evident 
and have given rise to endless argument and discussion. These 
are the factors of evolution; what they are, by whom advocated, 
the arguments offered for their acceptance, and their plausibility 
are the chief subjects of our present study. 


Summary of Factors 


To summarize the various factors which have been proposed, 
the list is briefly presented here; the arguments will be given in 
later chapters. 

Variation is the first and most fundamental evolutionary factor, 
in fact, the causes of variation are among the prime causes of evolu- 
tion itself. Variation, the fact that no two organisms or parts of 
organisms are precisely alike, no matter how closely related, is a 
commonly observed phenomenon, and admits of no argument 
whatsoever, as it is an established truth which any one, within 
the limits of his opportunities, may demonstrate for himself. It 
is the progressive factor in evolution, for without variation no 
change could occur and evolution would be impossible. 
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Although the fact is not open to argument, the means whereby 
variation has been brought about, the character of the variations, 
whether regular or irregular, determinate or fortuitous, and the 
amount and the part of the organism affected are subjects for debate. 

Heredity.—The second fundamental factor is heredity, the 
conservative factor in evolution, that which, when variation has 
given rise to a new character, causes it to persist. Evolution is the, 
change produced in a race of organisms; the mere variation of the 
individual, no matter how profound or how beneficial it may be, is 
not evolutional until it can be handed on to the offspring, and this 
is the function of heredity. Heredity, therefore, is as essential a 
basic factor as variation itself, and is just as fully established a 
fact; but, like variation, there are points concerning it, especially 
as to the means whereby a variation becomes heritable, which are 
still among the unsolved problems of our science. 

Segregation.—Another essential basic factor is isolation or 
segregation, the physical or biologic barrier which prohibits promis- 
cuous interbreeding. Forms with similar variational tendencies 
should interbreed to perpetuate them, and dissimilar forms should 
not, otherwise the new variations would be swamped and unless 
they were of dominant character would straightway disappear. 
Isolation, while not of such fundamental importance as variation 
or heredity, nevertheless stands forth as an extremely necessary 
adjunct to the evolutionary process. 

The first means whereby segregation is accomplished is physical, 
as in the instance discussed under geographic distribution—the 
Galapagos tortoises (page’56)—or the land snails of Tahiti and 
Hawaii. A second form of isolation is biological, either physio- 
logical, where, due to actual structural differences, mating is 
either a physical impossibility or the germinal elements fail to 
combine, or if they do the resultant offspring either does not de- 
velop or is in itself sterile and cannot procreate; or the impediment 
may be a psychological one, though to what extent this may occur 
outside of humanity we have no means of knowing. It is doubtful 
whether it is of importance in nature; among mankind, however, 
it may be largely responsible for the purity of such races as the 
Hebrews, although even under the best of conditions it is not 
universally effective. 

These fundamental factors are admitted by all, but there are 
other causal factors advocated originally by Charles Darwin which 
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may or may not be true, as all students of evolution do not accept 
them. They are as follows. 

Natural selection is the great Darwinian factor, and is to-day 
held by certain writers, notably those of the so-called Neo-Dar- 
winian school, of which the German savant August Weismann was 
the leader, to be almost the only factor to be considered. Natural 
selection determines what variational lines shall persist and what 
shall be eliminated, and, according to the Neo-Darwinian school, 
acts upon small uncontrolled variations, occurring in any con- 
ceivable direction of change. Nature either weeds out those forms 
in a race whose variations are out of harmony with environmental 
needs, allowing the others to survive and hand down their adaptive 
changes to offspring, or it selects the fitter to survive, or it may 
use a combination of the two. 

Not all authorities, however, accept natural selection as an im- 
portant factor, for the School of Mutationists, headed by the cele- 
brated Dutch botanist, Hugo de Vries, believe that new species 
arise by sudden marked changes appearing in the offspring of a 
normal parent. These large changes or variations are called muta- 
tions (Lat. mutare, to change) (De Vries) or saltations (Lat. saléare, 
to leap). Mutationists believe that natural selection therefore 
has nothing to do with species-forming, but only in a general way 
with descent control, that is, keeping the successive generations 
oi a species true to type when once it has been formed. 

Still a third, the Compromise School, believes that natural selec- 
tion is important both in species-forming and descent control, but 
is not the ‘“‘Allmacht”? which the Neo-Darwinians would have us 
believe. They recognize the existence of various other factors 
working simultaneously with selection to effect the evolutionary 
change. 

Sexual Selection.—Still another Darwinian factor is sexual 
selection, the means whereby Darwin sought to explain the exist- 
ence of what are known as the secondary sexual characteristics 
among animals. As we shall see, this is the most doubtful factor 
of all of those advocated by Darwin and is only held because noth- 
ing better has been offered in its place (see page 127): mak 

Artificial Selection.—Artificial selection, as the name implies, 
does not occur in nature but is the means whereby man has been 
able to produce the various races of domestic animals and plants 
out of their original wild progenitors. It has aided nature in the 
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production of certain local strains of animals, mainly through a 
very efficient isolation, but is principally interesting to us in giving 
experimental evidence of the way wherein nature may have worked. 
In fact, it was the most fruitful source of inquiry which Darwin 
had at his command. 

With these introductory statements we may pass to a detailed 
consideration of the first great Darwinian factor, natural selection, 
but it must be borne in mind that however much Darwinism may 
be assailed, the word refers only to certain of these causal factors, 
leaving the citadel-of the evolutionary doctrine as impregnable as 
ever. 


Natural Selection 


This still seems to be the most important factor in evolution 
and has been defined as ‘‘The survival of the most fit with the in- 
heritance of those species-forming adaptations wherein fitness lies” 
(Jordan and Kellogg). Crampton says of it: 

“Natural selection proves to be a continuous process of trial and 
error on a gigantic scale, for all of living matter is involved. Its 
elements are clear and real; indeed, they are so obvious when our 
attention is called to them that we wonder why their effects were 
not understood ages ago. These elements are (1) the universal 
occurrence of variation, (2) an excessive natural rate of multiplica- 
tion, (3) the struggle for existence entailed by the foregoing, 
(4) the consequent elimination of the unfit and the survival of only 
those that are satisfactorily adapted, and (5) the inheritance of the 
congenital [see page 133] variations that make for success in the 
struggle for existence. It is true that these elements are by no 
means the ultimate causes of evolution, but their complexity does 
not lessen their validity and efficiency as the immediate factors of 
the process.” 

Prodigality of Production.—Perhaps one of the most impres- 
sive things in nature is the teeming abundance of living creatures. 
The swarms of gnats dancing in the sunlight, the great number of 
birds on certain oceanic islands, the immense collection of in- 
dividuals in a great school of fishes: all are examples of what Thom- 
son has called the “insurgence of life,” and when one realizes that 
he sees but the smallest fraction of the total numbers which occur, 
he is the more impressed. Speaking of the splendor of oceanic 
phosphorescence which is often met with at sea, Thomson says: 
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“There is a cascade of sparks at the prow, a stream of sparks all 
along the water level, a welter of sparks in the wake, and even 
where the waves break there is fire. So it goes on for miles 
and hours—a luminescence due to the rapid vital combustion of 
pinhead-like creatures (Noctiluca and others), so numerous that 
a bucketful contains more of them than there are people in 
London... . 

“On the night before the new or full moon in the middle or latter 
half of December there occurs the remarkable swarming of the 
Japanese Palolo worm. It invariably takes place about midnight 
just after floodtide. At 1 A. m., Akira Izuka relates, the worms 
‘covered the whole water as with a sheet’ and were thick down to 
a depth of a fathom. By 2.15 A. M., there was not a single worm to 
be seen; the reproductive orgasm was over. The phenomenon ap- 
pears to us to be a dramatic instance of the abundance of life, of 
the crisis-nature of reproduction, and of the precise way in which 
internal rhythms may be related to external periodicities.” 

But the productivity of all living organisms is far beyond the 
ultimate numbers which can possibly survive, and the reason is 
this: organisms at their least rate of increase reproduce in geometric 
ratio, whereas the space they may occupy and the available food 
supply remain constant. Hence without some very efficient check 
the slowest breeders would soon exhaust the possibilities of food 
and space. For example, the elephant is the slowest breeder among 
mammals, but Darwin calculated that a single pair beginning to 
breed at thirty years and continuing to do so until a century old 
would produce on the average six young and would have in 750 
years, barring accident, nineteen millions of descendants. A rabbit, 
on the other hand, may have six young in a litter and four litters 
in a year, and the young may begin to breed at six months, a vastly 
more rapid rate of increase than that of the elephant. 

Among the lower vertebrates where no paternal care is given to 
the young the potential productivity is necessarily enormous. In 
four herring the number of eggs varied from 20,000 to 47,000; 
in a cod there were 6,000,000; a turbot, 9,000,000; and a ling, 
28,000,000, and yet despite the enormous number of offspring 
which might possibly be produced from a single pair in one genera- 
tion, the ultimate number of herring or cod or ling remains on the 
average about the same. The chance of survival, therefore, of a 
ling’s egg is one in fourteen million. 
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The vertebrates, however, are relatively slow breeders, for there 
are as a rule but one or at most a half a dozen generations in a year. 
With invertebrates, on the other hand, the actual number of genera- 
tions may greatly exceed this, and this is what Linnezus meant 
when he said: “Tres musce consumunt cadaver equi, «que cito 
ac leo.”’ Huxley estimated that the descendants of a single green 
fly, if all survived and multiplied, would at the end of one summer 
weigh down the population of China. Common house-flies would 
in the same time—six generations of three weeks each—occupy a 
space of about a quarter of a million cubic feet, allowing 200,000 
to a cubic foot. An oyster may have 60,000,000 eggs, and the 
average American yield is 16,000,000. If all the progeny of one 
oyster survived and multiplied and so on until there were great- 
great-grandchildren, these would number 66,000,000,000,000,000,- 
090,000,000,000,000,000, and the heap of shells would be eight 
times the size of the earth! 

Professor Woodruff in his experimental study of Paramecium 
has maintained a five-year pedigreed race, the descendants of one 
wild individual. In the five years there were 3029 generations, the 
mean rate of reproduction being three divisions in forty-eight 
hours. They were as healthy at the end as at the beginning of the 
culture and had given evidence of the potentiality of producing a 
volume of protoplasm approximately equal to ten thousand times 
the volume of the earth! It has been estimated that at the end of 
the goooth generation the mass would exceed the confines of the 

_known universe and the rate of growth would be extending its 
circumference into space with the velocity of light! 

With such extraordinary productivity on the part of all living 
matter, the efficiency of the check upon every species of plant or 
animal is at once apparent. This check is that which Darwin and 
Wallace both recognized, and called the struggle for existence. 

Struggle for Existence.—This struggle for existence is the 
competition between all organisms and between each individual and 
the physical environment. The struggle is threefold, although in 
the long run it is all against what may be called the environmental 
complex, which includes all surrounding nature, whether due to 
physical conditions, to plant or to animal life. 

The intraspecific struggle is the struggle against the organism’s 
own kind, the internecine strife. In some cases this is the most 
severe check of all, for each one’s needs are precisely similar and 
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the competition, instead of touching at one or two points, is ab- 
solute. In human warfare, the hatred is more bitter the nearer the 
contestants are related, as shown by Germany’s “Gott strafe 
England!”’; so it is with the organic world. 

Examples of this intraspecific struggle are the young trees in a 
forest. ‘As seedlings they may spring up over a devastated area 
in great abundance. Some soon die from lack of sufficient soil or 
moisture or due to other causes, but they are still numerous until 
they become so tall that their branches begin to mingle and a leafy 
canopy is formed which shuts out light and air from the trees of 
less vigorous growth. Then the weeding out of the less fit begins 
and the number of trees in the area rapidly diminishes until ul- 
timately the relatively few great trees in a mature forest are the 
result. 

In artificial lobster culture, experiments have shown that it is 
better to turn the newly hatched young at once into the sea rather 
than retain them within the limits of the aquarium for any length 
of time, for they are their own worst enemies and the results of 
what may be called cannibalistic selection are more destructive to 
the race than competition with the natural environment. 

Interspecific struggle is the familiar struggle between members of 
different species, often in the nature of competition, but perhaps 
more frequently because the one may afford food for the other. 
Mankind is just as much concerned in this interspecific struggle 
as any other form of life, but in general it is the lower organism, be 
it plant or animal, which is worsted in the struggle and must make 
good its losses or perish. That the reverse, however, is sometimes 
true is attested by the following note, for which the Youth's Com- 
panion is authority: 

“The toll of the Jungle.—India still pays its annual tribute of 
human life to the jungle. In fact, the number of deaths from 
snake-bite or the attacks of wild animals has steadily increased 
during the last three years—a fact which the London Times attrib- 
utes to the great floods. The rising waters have driven the ser- 
pents out of the lowlands, up into the villages, and have diminished, 
through drowning, the natural food-supply of the larger wild beasts. 

“In 1910, 55 persons were killed by elephants, 25 by hyenas, 
10g by bears, 319 by wolves, 853 by tigers, and 688 by other ani- 
mals, including wild pigs. No less than 22,478 died from the bite 
of poisonous snakes. The grand total of mortality is 24,878. 
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“During the same year 93,000 cattle were also killed by wild 
beasts or snakes. 
“The losses on the part of the inhabitants of the jungle were 
nearly but not quite as great as those of their human enemies and 
the domesticated animals combined. Ninety-one thousand one 
hundred and four snakes and over nineteen thousand wild beasts 

of various kinds were killed.” 

Instances could be multiplied ad libitum, as the struggle is uni- 
versal and no creature is immune, although in more favored com- 
munities, with rare exceptions, only parasites and disease germs 
make their direct attack upon man, but every animate form depends 
upon some other organism, be it animal or plant, for its food, so 
none is exempt from direct or indirect participation in the interne- 
cine strife. 

Environmental struggle is that against the physical environment— 
against excess of moisture or of drought, against extreme heat or 
cold, against lightning and tempest, earthquake and volcanic 
eruption. The eruption of Mont Pelée in May, 1902, slew prac- 
tically every inhabitant of the city of St. Pierre, there being but 
one lone survivor out of a population of perhaps 28,o00 souls; 
while in August, 1883, the volcano of Krakatoa as the culmination 
of a series of increasingly violent explosions threw back the in- 
pouring sea and drove a wave of water high upon the neighboring 
coasts of Java and Sumatra, engulfing more than 36,000 people 
with their villages and lands (Iddings). The Sicilian earthquake 
of December 28, 1908, caused the death of possibly 200,000 people 
in Messina and the adjacent city of Reggio. Again, as a result of 
neither earthquake nor volcano, the great tropical storm of Sep- 
tember, 1900, piled up the waters of the Gulf of Mexico, almost 
overwhelming the city of Galveston, with a loss of about 5,000 
lives. The destruction wrought by our western cyclones and tor- 
nadoes is well known though rarely is there so appalling a loss of 
life as in the instances that have been given. Lightning is said to 
be the greatest single cause in the destruction of ranch cattle in 
Nebraska, due, however, in large part to the conductive power of 
the wire fences against which the animals drift before the storm. 
Thus the lightning bolt which would in a state of nature be local 
in its effect has its danger zone very largely increased through 
human interference. River floods such as those of China take 
their annual toll of thousands of human lives and doubtless of 
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many animals as well. The Tertiary sediments on our western 

plains, formerly supposed to be those of extensive lakes, are now 
' interpreted very largely as river flood-plain deposits. The fossil 
animals which they contain, and which must number many thou- 
sands, are largely the accumulations of flood victims of ancient 
days. 

Drought is another potent cause of destruction, not only of 
plants but of animals as well, for the drying up of a waterhole is 
frequently the forerunner of tragedy. Excessive cold for which 
the animals are not prepared is still another cause, as in the case 
of the numerous skeletons of guanacos, a wild species, allied to the 
domestic llama of South America, which have been observed in 
Patagonia. Of these Hatcher says: ‘‘During the winter storms 
these animals would be driven from the surrounding plains to seek 
shelter in the river valleys and there, beneath embankments or in 
clumps of bushes, would be found the remains of such as, through 
old age or disease, were unable to survive the rigors of the storm 
they had sought to escape.” 

All three aspects of the struggle are, strictly speaking, with the 
conditions of life, and as we shall see, the interrelations of various 
organisms with these conditions are generally very intricate, and 
over against the record of a vast host of all living beings nature 
writes a sentence comparable to the handwriting on the wall: 
“Thou art weighed in the balances, and art found wanting.” But 
the destruction is not without distinction, for although the boldest 
and best of a race are sometimes the first to be destroyed, and often 
the slaughter is utterly indiscriminate like that in the trenches of 
Flanders, or when a great Greenland whale rushes through an 
immense school of the delicate sea-butterflies, as the pteropods 
are called which form the bulk of its food, during which thousands 
are engulfed and swallowed, no perfection of detail nor harmonizing 
color nor activity nor any other usually advantageous variation 
availing one any more than the other; nevertheless, taking nature 
as a whole, the fittest survive in the long run and the least fit are 
the first to perish. 

Survival of the Fittest.—The survival of the fittest is therefore 
the result of natural selection. While the same conditions persist, 
specific change is very gradual, but with changing conditions plac- 
ing a premium on new or different characters, species also undergo 
a change. Natural selection therefore enforces adaptation, and of 
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two forms in competition, the adaptable will crowd out the in- 
adaptable. 

This is forcibly illustrated by the Tasmanian wolf or thylacine 
(Thylacynus cynocephaius) which is confined to-day entirely to the 
island of Tasmania but whose remains are found in the superficial 
deposits of the Australian mainland, showing it to be but recently 
extinct. The thylacine is one of the native pouched animals or 
marsupials (page 287) which form the indigenous mammalian 
population of Australasia and is characterized among other things 
by being dull of wit as compared with a true placental dog. Aus- 
tralia has such a dog, the dingo (Canis dingo), the origin of which 
is doubtful, but it is supposed to be of Asiatic extraction and intro- 
duced into Australia by human agency. We have here the adapt- 
able placental placed in competition with the inadaptable mar- 
supial, with the inevitable result—the marsupial holding its own 
when it had only the ancient enemies of its race to contend against, 
but powerless in competition with the representative of a more 
vigorous stock. 

Nature’s Balance.—Competition is inseparable from life and 
is really the source of all progress, but this very competition leads 
to a nicety of adjustment between rival organisms and a linking 
together of other beings into a marvelous web of interrelationships. 
This nicety of adjustment is known as nature’s balance, and, al- 
though often unobserved, man has inadvertently sometimes upset 
the adjustment, causing dire results which he knows to his cost. 

Not all organisms are enemies, as we have seen in discussing the 
bionomic relationships of animals in Chapter III, but in many 
instances, although generally among unrelated forms, there is a 
marked interdependence, all of which adds to the complexity of 
the web of life, and at first sight the extremes of a series of interre- 
lated organisms, when the links in the chain are unknown or dis- 
regarded, make them seem very far-fetched as illustrations of the 
case in point. Such, for example, is the linkage suggested by 
Darwin between domestic cats and red clover, but when all of the 
links are known, the connection is at once evident. Darwin found 
by experiments that humble-bees are almost indispensable to the 
fertilization of the heartsease (Viola tricolor), for other bees do not 
visit this flower. He also found that the visits of bees are necessary 
for the fertilization of some kinds of clover; “for instance, twenty 
heads of Dutch clover (Trifolium repens) yielded 2290 seeds, but 
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twenty other heads protected from bees produced not one... . 
Humble-bees alone visit red clover, as other bees cannot reach the 
nectar. . . . Hence we may infer as highly probable that, if the 
whole genus of humble-bees became extinct or very rare in England, 
the heartsease and red clover would become very rare, or wholly 
disappear. The number of humble-bees in any district depends 
in a great measure on the number of field-mice, which destroy 
their combs and nests; anc Col. Newman, who has long attended 
to the habits of humble-bees, believes that ‘more than two thirds 
of them are thus destroyed all over England.’ Now the number of 
mice is largely dependent, as every one knows, on the number of 
cats; and Col. Newman says, ‘Near villages and small towns I 
have found the nests of humble-bees more numerous than else- 
where, which I attribute to the number of cats that destroy the 
mice.’ Hence it is quite credible that the presence of a feline animal 
in large numbers in a district might determine, through the inter- 
vention first of mice and then of bees, the frequency of flowers in 
that district!”? Huxley has added a link to each end of this chain 
of relationship by the supposition that the cats are very largely 
harbored by the unmarried spinsters on the one hand, whereas the 
clover affords sustenance for the cattle which in turn produce the 
“roast beef of Old England” which nourishes her valiant sons 
which are the source of England’s might, thus making the number 
of maiden ladies in a community productive in this very roundabout 
way of the prowess of the “ Mistress of the Seas.” 

It will readily be inferred from the foregoing how wonderfully 
delicate this balance of nature is in its adjustment and how easily 
it may be deranged by human interference. A few notable examples 
of such derangement of the balance may be given. The English 
sparrow was introduced into New Haven, Connecticut, for the 
purpose of eradicating the measuring worms which were defoliating 
the elm trees at the time so characteristic of the town. It may be 
said to its credit that the sparrow did largely abate the nuisance 
for which it was imported, but owing to its fecundity, greediness, 
and quarrelsome disposition, it has become a widespread pest, 

riving out the native song and insectivorous birds and offering in 
exchange only its own unattractive personality. 

Another instance is the Colorado potato beetle (Doryphora 
decemlineata), a native of the Central West, where it fed upon the 
nightshade and was kept in check by its natural enemies. The 
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introduction of the potato plant, a close ally of the nightshade, 
offered the beetle a new and abundant food-supply, to which it 
took with great avidity, multiplying rapidly, for the lessening of 
the competition for food rendered the other natural checks of rela- 
tively little avail., The creatures then began an eastward migration 
in an ever widening pathway, going from one potato plantation to 
the next, until they finally reached and extended along the Atlantic 
seaboard and now extract an annual toll equivalent to thousands of 
dollars from ‘the raisers of the esculent tuber. In this case, it was 
not, as usual, the introduction of an animal into new environmental 
conditions that upset the balance, but the reduction of one of 
the most severe checks to survival, the struggle for food. ! 
Another very remarkable instance the entire history of which is 
known is that of the gypsy moth (Ocneria dispar) which was acci- 
dentally liberated in Medford, Massachusetts, in 1869. Professor 
Léopold Trouvelot, a French naturalist, was experimenting with 
silk-spinning caterpillars, especially the American species, to see if 
any could be made of economic importance. He also imported 
specimens of the insect under discussion from Europe. Evidence 
seems to show that some of the egg clusters or young caterpillars 
escaped from his house, and as he was aware of the dangerous 
nature of the insect in its native home, he destroyed all the cater- 
pillars he could find, but soon seeing that he could not fight them 
single-handed, he reported the matter to the authorities. Little 
notice was taken of the insects, however, although after a few years 
they did become exceedingly troublesome to the people of the 
neighborhood by defoliating their shade and fruit trees. During 
the summer of 1889, however, their depredations and numbers 
increased to such an extent as to become a public menace, depre- 
clating the value of property and causing an exodus from the 
infested districts, as they swarmed everywhere and many trees and 
orchards died as a. result of the repeated defoliation. The legislature 
of the commonwealth then took up the problem of extermination 
and appropriated the sum of $25,000 for their elimination. Addi- 
tional appropriations were requested and granted until 1900, when 
the work of the state commission ceased. In the meantime another 
similar pest, the brown-tail moth (Euproctis chrysorrhea) had also 
been introduced from Europe and, together with the gypsy moth, 
which spread alarmingly with the cessation of the work of exter- 
mination by the state, has become a problem of national impor- 
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tance. Hence the United States Government in coéperation with 
that of Massachusetts has taken up the fight. Actual extermina- 
tion seems now out of the question, as every available method, 
mechanical, by poison, or by fire, has been tried, and what the 
authorities are striving to do is to restore nature’s balance by in- 
troducing the parasites and other natural enemies of the two insects 
from their native home, with the hope that thereby they may be 
controlled and not become a burden greater than New England can 
bear. 

Yet another noted instance is the introduction of the carnivorous 
mammal, the mongoose (Herpestes griseus) into Jamaica. “Rats 
brought by ships became a plague in Jamaica. To cope with them 
the mongoose was imported, and it made short work both of the 
Old World rats and the Jamaican cane-rats. But when these were 
gone, the appetite of the mongoose remained, and the poultry and 
various ground birds began to suffer. Useful insect-eating lizards 
were also eaten, and another cloud rose on the sky—there was a 
multiplication of injurious insects and ticks, so that plants and 
animals began to be affected through an ever-widening circle” 
(Thomson). 

One instance where nature’s balance has been restored after 
being upset by human interference is in the case of a scale insect 
accidentally introduced into California from Australia on some 
young lemon-trees. This multiplied until it became .a most per- 
nicious pest which various mechanical remedies failed to control. 
Search was made in Australia, and a natural enemy, a lady-bug, 
was brought over to California, with the result that not only was 
the scale reduced but almost completely eliminated. It was then 
found that the lady-bug depended upon the scale for food to such 
an extent that it died in turn, and now protected colonies of scale 
and lady-bug are kept in readiness to control future outbreaks of 
the pest! 

Survival of the Existing.—We have spoken of the survival 
of the fittest which controls the existence not only of a race, or the 
individuals which make up the race, but also of the characteristics 
which compose the individual. There are, however, certain char- 
acteristics which seem to be non-important and, so far as we can 
judge, have nothing to do with an organism’s chance for survival. 
These non-essential characters are, as we say, not of selection value, 
and persist through heredity. They are minor traits such as pecu- 
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liar color patterns, relative proportions of parts, or vestigial struc- 
tures, like the red color seen in the fins of certain deep-sea fishes. 
These forms live in a habitat where, as no light exists, the color 
can not be seen and hence is of no possible utility to the animal. 
The spots on the coat of a lion-cub are also instances in point. 
Usually these indifferent traits may be interpreted in the light of 
historic vestiges and point to former conditions in racial history 
where they were of importance in determining the chances for 
survival. To this category belong the great number of vestigial 
organs of which Wiedersheim has enumerated 180 in the human 
body alone! (See Chapter XXXYVII.) 

Summary.—The effect of natural selection as an evolutionary 
factor has thus been summarized: 

a. Under new conditions harmful characters will be eliminated 
by selection. 

b. Beneficial characters are intensified and modified. 

c. The great body of characters neither hurtful nor beneficial 
will not be modified but will persist through heredity. 

“The resultant of these existing conditions [of environment] is, 
according to Darwin and his followers, an inevitable natural selec- 
tion of individuals and of species. Thousands must die where one 
or ten may live to maturity (7. e., to the time of producing young). 
Which ten of the thousand shall live depends on the slight but suffi- 
cient advantage possessed by ten individuals in the complex struggle 
for existence due to the fortuitous possession of fortunate congenital 
differences (variations). The nine hundred and ninety with un- 
fortunate congenital variations are extinguished in the struggle 
and with them the opportunity for the perpetuation (by trans- 
mission to the offspring) of their particular variations. There are 
thus left ten to reproduce their advantageous variations. The off- 
spring of the ten of course will vary in their turn, but will vary 
around the new and already proved advantageous parental condi- 
tion: among the thousand, say, offspring of the original saved ten 
the same limitations of space and food will again work to the killing 
off before maturity of nine hundred and ninety, leaving the ten 
best equipped to reproduce. This repeated and intensive selection 
leads to a slow but steady and certain modification through the 
successive generations of the form and functions of the species; a 
modification always towards adaptation, towards fitness, towards 
a moulding of the body and its behavior to safe conformity with 
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external conditions. The exquisite adaptation of the parts and 
functions of the animal and plant as we see it every day to our in- 
finite admiration and wonder has all come to exist through the 
purely mechanical, inevitable weeding out and selecting by nature 
(by the environmental determining of what may and what may not 
live) through uncounted generations in unreckonable time. This 
is Darwin’s causo-mechanical theory to explain the transformation 
of species and the infinite varieiy of adaptive modification. A 
rigorous automatic natural selection is the essential idea in Dar- 
winism, at least in Darwinism as it is held by the present-day 
followers of Darwin” (Kellogg). 

Several objections to natural selection as a universal factor have 
been offered. Among them are the following: 

(r) To give rise to such specializations as elaborate mimicry, 
or the electric organ of the torpedo, etc., which are of apparent 
advantage only in the perfected state, natural selection, acting 
only upon minute gradations toward perfection, seems inadequate. 
The same is true of so complex and coadaptive a specialization as 
the eye and its function in the vertebrates or in the insects and 
crustaceans (Kellogg). 

(2) Over-specialization, of which there seem to be repeated 
iristances such as the huge antlers of the extinct Irish deer which in 
some instances outweigh the entire skeleton, or the immense spiral 
tusks of the Columbian mammoth, or the minute fidelity of certain 
mimicking insects such as Kallima (page 243): all these point to 
the impossibility of natural selection as an agent, for it is incon- 
ceivable that natural selection would exert an influence beyond the 
point of greatest usefulness to cause the organ to become a hin- 
drance and not a help nor would it extend to fineness of detail in 
mimicry far beyond the most esthetic perception of the enemy to 
‘appreciate. The objection to this objection is the absence of ab- 
solute proof that these are rightly interpreted as over-specializa- 
tions. 

(3) Natural selection can not account for degeneracy. To say 
an organ is no longer useful and hence disappears, is to state the 
effect and not the cause. If under changed conditions a character 
built up by natural selection becomes a menace, the reversal of 
selection can accomplish its removal, but this will not suffice where 
the characteristic is an indifferent one. Thus it will be seen that 
whereas natural selection may be conceded to be a factor of im- 
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portance, it is apparently not the only factor nor indeed the only 
important factor in the evolution of organic life. 
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CHAPTER VIII 
SEXUAL AND ARTIFICIAL SELECTION 


SEXUAL SELECTION 


Sexual selection is the second Darwinian factor, the one whereby 
Darwin sought to account for the secondary sexual characters of 
animals, many of which seemingly can not be the result of natural 
selection, as the structure is not in every instance useful in the 
struggle for existence. 


Primary Sex Distinctions 


The primary sex distinctions are the functional ones which 
naturally differ in the two sexes. They are the reproductive organs, 
ovaries and testes, with their essential glands and ducts, and the 
organs in the female whereby the young are nourished and devel- 
oped before and after birth, the placenta and mammary glands. 


Secondary Sex Characters 


The secondary sex characters, on the other hand, are such as 
are often not directly concerned with procreation but may never- 
theless be of considerable importance to the organism. They often 
enable us readily to distinguish the sexes, as in the case of the pea 
fowl (Pavo cristatus) whereas in other instances sexes may be only 
recognizable by a microscopic examination of the reproductive 
glands, as in the American oyster (Ostrea virginica). 

Special Organs for Mating.—The secondary sex characters may 
be grouped under several headings for the purpose of discussion. 
First among them are special organs for mating, structures some- 
times found in the male in addition to the normal devices for coition, 
which are primary sex organs. Such, for example, are the holding 
organs in the frogs, curious pad-like structures on the palm of the 
hand, by which the female is firmly clasped on either side of the 
hip girdle. Its purpose is to keep the two sexes together, as there 
is generally no internal impregnation but the eggs are fertilized 
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in the water, which must be done immediately after extrusion 
before the gelatinous envelope has time to swell, since after that 


Fic. 11.—Chimeroid fish, Chimera colliet, male, showing secondary sex char- 
acters. cl, claspers; m. sp, frontal spine (clasper). (Modified from Dean.) 


impregnation is impossible.- The shark-like fishes, with one living 
exception, have a portion of each pelvic fin in the male modified 
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Fic. 12.—Argonauta argo, male. hc, hec- 
tocotylized arm. (After Claus-Sedgwick.) 
(For female see Fig. 118.) 


into what is known as the 
clasper for use as an intro- 
mittent organ in mating, while 
in the related chimeroids or 
silver sharks there is in addi- 
tion to the pelvic claspers a 
curious device on the top of 
the head, which looks not un- 
like a door-knocker and is pro- 
vided with hooks derived from 
the skin. The actual use of 
this knocker-like organ has 
never been observed, but it 
is also supposed to be a clasp- 
ing mechanism (see Fig. rr). 
The cephalopods show a re- 
markable seasonal alteration 
of one of the tentacle-like arms 
in the male which is used in 
mating, a modification known 
as  hectocotylization (Gr. 


éxatov, hundred, and xoTvAm, hollow vessel). The arm is filled 
with the spermatophores prior to coition and is detached from 
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the male during the latter process, a new one being developed to: 
take its place. See Fig. 12. 

Brooding Organs.—Another kind of secondary sex characters are 
the brooding organs found especially in the female but sometimes 
in the male. Under this head comes the marsupium or pouch of the 
female marsupial, either one trans- 
verse or two longitudinal folds of 
skin which cover the teats and 
serve to protect the very immature 
and helpless young until they are | 
able to shift for themselves. A SAH 
comparable device is seen in the 
sea-horse (Hippocampus, Fig. 13), 
a small but highly specialized fish 
in which the ventral fins have 
been modified into a brood pouch 
to carry the eggs until time for 
them to hatch. In this case, curi- 
ously enough, it is the male which, 
as Thomson says, “carries the 
eggs about in his breast-pocket.” 
The same is true of some pipe- 
fishes (Syngnathus). 

The frogs and toads also show 
marvelous brooding devices, es- Fic. 13.—Sea-horse, Hippocampus 
pecially the famous Surinam toad @iquorum, male, showing brood-pouch 

é ’ A > formed from combined pelvic fins. 
(Pipa americana) in which the (After Doflein.) 
skin of the back of the female 
forms growths for the reception of the eggs, and in these the young 
undergo their whole metamorphosis. Each receptacle consists of 
a cavity with a lid; the origin of the latter is not understood but 
it is probably produced by the remnant of the egg-shell itself, 
which, after the larva is hatched, remains on the top of the cup 
(Gadow). Gadow says further of this group: “The greatest charm 
of the Anura [frogs and toads] lies in their marvellous adaptation 
to prevailing circumstances; and the nursing habits of some kinds 
read almost like fairy-tales.” ee 

Special Sense and Sound-producing Organs.—A third in- 
stance of secondary sex characters is represented by special sense 
and sound-producing organs. Here it is the insects which form the 
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best means of illustration, for being as a rule active locomotor 
types, their special senses are proportionately developed. Male 
moths, especially the so-called giant silk-worm moths, the cecropia, 
polyphemus, luna, and others, have the feathery antenne enor- 
mously developed compared with those of the female. They are 
the seat of a mar- 
velous _ sense 
which for want of 
a better under- 
standing has been 
compared with 
the human sense 
of smell. It is used 
by the male in 
searching out the 
female for the 
purpose of mat- 
ing, and is won- 
derfully effec- 
tive, ‘the male 
moths assembling 
around a newly 
emerged female 
from a radius of 
several miles. 
} Among the scale 
insects (coccids, 
Hy Fig. 14) both 
sexes are degener- 
ate sedentary 
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Fic. 14.—Scale insects, Mytilaspis pomorum. A, adult : 
male; B, young male scale; C, adult female scale and egg types during their 
capsule. Greatly enlarged. (From J. B. Smith’s Economic young condition 
Entomology.) 


and often ob- 
scurely colored so as to be discerned with difficulty. The female 
remains scale-like throughout life but the male upon metamorphosis 
changes into a delicate two-winged fly in sharp contrast to his lowly 
mate. Abortion of the mouth parts in adult insects is not infre- 
quent, as in the Chinese silk-worm (Bombyx mori), may-flies, etc., but 
in the male coccid they are replaced by an extra pair of eyes on the 
under side of the head asa necessary aid in finding the obscure female! 
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Vocal organs are almost exclusively confined to the vertebrates, 
with the exception of the insects, but here it is the males only 
which are provided with sound-producing organs. With the 
crickets and katydids they are a modification of the fore wings, 
which have sonorous structures that are thrown into vibration 
by being rubbed past each other, the sound being amplified by 
tightly stretched membranes analogous to a banjo head, or by 
resonant chambers formed by the wings, and comparable to the 
body of a violin. The grasshoppers stridulate by rubbing the hind 
leg across the edge of the wing, and the cicadas have a remarkable 
pair of kettle-drums at the base of the abdomen which are made to 
resound by the alternate stretching and relaxing of the membrane 
which covers them. They lie beneath a pair of backwardly pro- 
jecting flaps comparable to the skirts of an eighteenth-century 
waist-coat. 

Special locomotor organs, such as occur in the male scale insects 
and certain moths, are perhaps not so much a development in the 
male as degeneracy in the female, for absence of locomotive powers 
on her part renders increased activity upon that of the male im- 
perative for the sake of future generations. In the famous gypsy 
moth, the female, although still possessing wings, has lost the power 
of. flight because of the great weight of her body, whereas in the 
canker-worm moths the female wings have utterly disappeared. 

Organs of special use usually take the form of weapons such 
as the antlers of the male deer, the tusks of the boar and the male 
musk deer and chevrotains, and among insects the huge mandibles 
of the stag-beetles and the spines on the head and thorax of the 
rhinoceros-beetles. Among bees and wasps, on the other hand, 
the sting is confined to the females or to the so-called neuters or 
workers which are in reality undeveloped females. The sting is a 
modification of the ovipositor or egg-laying organ characteristic, 
for instance, of the parasitic Hymenoptera which are near relatives 
of their stinging allies. 

Special characters for exciting or attracting the opposite sex 
are such as appeal to the senses of sight, hearing, and smelling, 
taking the nature of cries and antics, of color and plumage, and of 
special odors. They may be either seasonal or persistent and are 
in many ways the most inexplicable of all the secondary characters 
of sex. They are of course confined almost entirely to the male. 
Instances may be multiplied indefinitely, as they have been ob- 
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served by all—the gorgeous tail of the peacock, the pompous dig- 
nity of his carriage and even his strident voice are all supposed to 
make an irresistible appeal to the female. The strutting of the 
common turkey and especially the drumming of the ruffled grouse 
are further instances. The beard of man and the mane of the lion 
may also be included under this head. 

Reciprocal organs are found in a reduced state in the female, 
as horns in the goats, antelope, caribou, and reindeer. Stridulating 
organs, though undeveloped, are present in female crickets and 
katydids, while in male mammals the mamme are present in a 
rudimentary state. In the male, the mammary apparatus normally 
becomes absorbed, though frequently at birth and at puberty milk 
is produced in the human subject. Male goats and castrated sheep 
have also been known to give milk (Wiedersheim). A functionless 
rudimentary brood pouch is present in the male Tasmanian wolf 
(Thylacynus). 

Indifferent Characters.—Under the head of indifferent char- 
acters are included such as are of no vital importance to their 
owner and yet are sex distinctive. They are mainly the negative 
reciprocals of certain structures already mentioned as characteris- 
tic of the opposite sex, as for instance, the reduced wings of certain 
female insects, the vestigial gut in the male rotifers or wheel ani- 
malcules, the slight differences in size or color in many birds and 
insects, or the differences in the proportions or the pattern and 
arrangement of the veins of their wings and in the number of tarsal 
or antennal segments. 

Atavistic characters are those distinctive of ancestral condi- 
tions, like the hairy breast and greater bodily strength which often 
occur in men but rarely in women. 

These are the secondary sex characters to explain which the 
theory of sexual selection was proposed, but it will be seen that 
with the exception of those under the caption of indifferent charac- 
ters, and perhaps the last three, they may all be regarded as the 
result of natural selection, as they are useful in the struggle for 
existence. The characteristics included in the “indifferent charac- 
ters” group, on the other hand, are such as make their owner more 
conspicuous and doubtless expose him to dangers from which the 
more obscure animal would be immune. Hence their development 
is opposed to the principle of natural selection, as the results are a 
handicap and not an aid in the struggle for existence. 
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Theory of Sexual Selection 


The theory of sexual selection is based upon the competition or 
struggle for mating, and while natural selection presupposes a 
passive female, sexual selection implies presumptive choice on her 
part of the most desirable male to be the father of her progeny, 
with the consequent inheritance by the offspring of his estimable 
characteristics. Darwin also included in his theory the competition 
or struggle for mating where rival males fight for the possession of 
a female as in the case of the deer or the sea-lion, the female being 
in each instance the passive reward of the victor. But this fighting 
on the part of the males is merely a phase of the intra-specific strug- 
gle, although it is not a fight for food and space but for a chance 
to mate. This chance, however, often depends upon a life and 
death struggle and no theory of sexual selection is necessary to 
account for the development of the weapons or greater prowess 
which enables one animal to become the victor over another. 

Postulated Bases of the Theory.—As Darwin originally pro- 
posed it, the theory was based upon the following assumptions, the 
truth of which was apparently attested by a varying number of 
facts: . 

“First, many secondary sexual characters are not explicable by 
natural selection; they are not useful in the struggle for life. Second, 
the males seek the females for the sake of pairing. Third, the 
males are more abundant than the females. Fourth, in many cases 
there is a struggle among the males for the possession of the females. 
Fifth, in many other cases the females choose, in general, those 
males specially distinguished by more brilliant colours, more con- 
spicuous ornaments, or other attractive characters. Sixth, many 
males sing, or dance, or otherwise draw to themselves the attention 
of the females. Seventh, the secondary sexual characteristics are 
especially variable. 

“Darwin believed that he had observed certain other conditions 
to exist which helped make the sexual selection theory probable, but 
the conditions noted are sufficient if they truly exist” (Kellogg). 

Difficulties.—Some of the difficulties which stand in the way of 
our acceptance of Darwin’s tenets are thus enumerated by Kellogg: 
The theory can only apply where the males are more numerous or 
polygamous, otherwise even if rejected by the first female each 
male, however undesirable, would sooner or later find his mate 
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and thus the unornamented males would leave as many progeny 
as the ornamented, which would prevent any cumulation of or- 
namental variations by selection. Among the higher vertebrates, 
where a great number of ornamented males occur, the proportion 
of the sexes is about equal, and where polygamy exists there is 
always a struggle for mastery, not an active female choice. 

In most species the mating female is observed to be wholly 
passive and propinquity is seen to be the greatest factor in deter- 
mining which two shall pair. 

Ornamental colors are as often characteristic of the males of 
species in which there is no real pairing as among those which pair. 
Sexual choice certainly can not account for the remarkable or- 
namental colors of the males of many fishes in the breeding season, 
for in many cases the female may not even see the male which 
fertilizes her already laid eggs. Eigenmann, on the other hand, 
notes the utter absence of such ornamentation among cave fishes 
which live in the dark, and argues that where they do appear, 
therefore, they must be due to visual selection. This may, however, 
be explained in a different way, as we shall see (page 126). 

A high degree of the esthetic sense on the part of the females 
of animals would be necessary for choice on a basis of ornament 
and attractiveness. For this we have no other proof, and we can 
not imagine its existence on the part of invertebrate animals in 
which ornament is often so highly conspicuous. Even among the 
higher forms wherein the esthetic sense may be developed to a 
certain extent, we have no assurance of any one standard of beauty, 
for individual taste varies greatly with men and probably also with 
animals. Even if we may attribute a certain esthetic sense to 
mammals and birds, the question naturally arises whether it can 
be so keenly developed as to lead the female to make a choice among 
slight differences of color or song. Yet this assumption is necessary 
if the theory of sexual selection be accepted. Would not the evolu- 
tion of this esthetic sense upon the part of the female be just as 
difficult to account for? 

Very few cases of actual choice by the female have ever been 
observed, for even so earnest an observer as Darwin himself, who 
had every reason to record the greatest possible number, failed 
to note more than eight cases among birds, and but half a dozen 
more, all doubtful, are mentioned in the literature from his day 
until 1907. 
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Many of the so-called attractive characters of males have been 
found to be during life of such a nature that the females could not 
note them; as, for instance, the brilliant colors and curious. horns 
of the male dung-beetle which are so obscured by filth that they 
can not be used for display, while in the case of melodious or lu- 
minous insects like the crickets or fireflies, nearness will make a 
relatively feeble song or light seem much finer than that of a distant 
but much more musical or brilliant insect. 

That dances and serenades do occur during the breeding season 
is well known, but they may be for the purpose of excitation of the 
usually passive female and may not imply the necessity of any dis- 
criminating choice upon her part among a number of males. That 
rivalry would be developed among the dancers or singers is only 
natural and may or may not lead to further perfection of the art. 

Experimental Evidence.—There is as yet comparatively little 
evidence based upon actual experiment, but such as we have is 
strongly opposed to the sexual selection theory. In this connection 
the experiments of Mayer are of remarkable interest. He worked 
with the giant silk-worm moth Callosamia promethea, in which there 
is decided sexual distinction in color and pattern. The females have 
a reddish brown ground color, while the males are blackish, and the 
orhamentation in the two sexes is distinctly different. If there is 
any moth species in which the colors and general pattern of the 
male ought to be readily obvious to the female, and in which sexual 
selection might be presumed to have been the influence in producing 
a pronounced male type of preferred pattern, it is this species. 


Mayer’s experiments were as follows: He took ‘“‘449 pupz (in cocoons) 
which had been collected in Massachusetts and New Jersey, south to 
Loggerhead Key in the Dry Tortugas Islands off Florida. ‘This island 
is separated by many miles of ocean from other land, and is hundreds of 
miles south of the range of the species. Evidently no interference with 
Mayer’s experiments could come from outside individuals of this species. 
The moths issued during May and June in the proportion of about two 
males for each female. The males of this species seek out the female for 
pairing and can do this for a considerable distance. As many as several 
dozen males will find a single female and hover, fluttering, about her. 
Mayer’s first experiments were directed to the end of determining if the 
males found the females by sight or by smell. By enclosing females in 
numerous jars variously arranged and covered or uncovered, it was 
readily determinable that the males never pay any attention to females 
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enclosed in transparent jars so closed as to prevent the escape of any 
odors from the female, while to females enclosed in boxes or wrapped in 
cotton so as to be invisible but yet capable of giving odor off into the air, 
males came promptly and hovered about. To locate the organs of scent 
in the female, Mayer cut off abdomens from various females and then 
placed abdomens and abdomenless females at some little distance apart. 
Males came to the abdomens and not to the thorax plus wings, legs, and 
head parts. Females were proved to increase in attractive power with 
age, and virgins are a little, but only a little, more attractive than already 
fertilized females. It was readily proved by experiments with males 
whose antennz were covered with shellac, photographic paste, glue, 
paraffin, etc., that the sense of smell is seated in the antenne. Males 
with antenne covered with photographic paste did not find females, 
while the same males with this paste dissolved off did. 

““Mayer now tried to test the selective action of the female. The male 
promethea has blackish wings while the females are reddish brown. In 
accordance with the theory-of sexual selection, the peculiar coloration 
of the male should be due to the selection of darker colored males, so 
that under this influence the males would become, in successive genera- 
tions, darker and darker until the present coloration has been attained. 
Mayer’s own account of his experiments and conclusions to test the pref- 
erences and selective action of the females is as follows: 

“““Tn order to test this hypothesis I cut off the wings of a number of 
females, leaving only short stumps, from which all the scales were care- 
fully brushed. Male wings were then neatly glued to the stumps and 
thus the female presented the appearance of a male. Under these cir- 
cumstances the males mated with the females quite as readily as they 
would have done under normal conditions. 

“*T then tried the experiment of gluing female wings upon the male. 
Here again the mating seemed to occur with normal frequency, and I 
was unable to detect that the females displayed any unusual aversion 
toward their effeminate-looking consorts. 

““Tt is also interesting to note that normal males pay no attention to 
males with female wings. 

““Tn another series of experiments the wings were cut entirely off of 
males and females and the scales brushed off their bodies; and yet these 
shabby males were readily accepted by normal females nor could I see 
that normal males displayed any aversion to mating with wingless fe- 
males. 

““We are therefore forced to conclude that the melanic coloration of 
the male has not been brought about through the agency of sexual selec- 
tion on the part of the female.’”’ 

Later Mayer (and Soule) repeated the >xperiment on a much larger 
scale and with some variations in characcer.. Fifteen hundred cocoons 
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of promethea were collected in the winter of 1901-1902 and hung in trees 
so that the issuing moths might fly about unconfined. ‘About six hun- 
dred males emerged from the cocoons and the wings of about one-half 
of them were painted with scarlet or green ink, while the others were 
allowed to remain normal in color. It was evident that the males whose 
wings were scarlet and green succeeded fully as well in their attempts to 
mate as did the normal males.” 

Experiments were also tried with the gypsy-moth (Ocneria dispar) 
with similar results except that males with their wings cut off were more 
apt to meet with resistance from the females than perfect males were. 


From these experiments Mayer and Soule conclude that the 
mating instinct on the part of these two insects is a phenomenon 
of chemotaxis (Lat. chemicus, chemic, and Gr. ta&is, arrangement). 
“Sexual selection on the ground of colour alone does not affect it, 
and there is no associative memory connected with it” (Kellogg). 

Alternative Explanations.—It will be seen from the foregoing 
that the Darwinian factor of sexual selection rests upon very 
meager evidence, the great majority of secondary sex characters 
being explicable by natural selection, and on the other hand even 
where natural selection can not be invoked, sexual selection does 
not stand the test of experiment. Some alternative explanation 
becoming necessary, the following have been offered: 

“First, that the secondary sexual characters are produced as the 
result of the immediate stimulus (naturally different) of the sexually 
differing primary reproductive organs, this stimulus being usually 
considered to result from an internal secretion of the genital organs 
acting on certain tissues of the organism; and second, that the 
males in most species possess an excess of energy which manifests 
itself in extra-growths, extra-development of pigment, plumage, 
etc., and that displays by the males of special movements, sound- 
makings, etc., are direct effects or manifestations of sexual excita- 
tion” (Kellogg). 

In explanation of the first of these alternative theories it should 
be remembered that there are within the body numerous glands, 
some of which, like the salivary glands, liver or pancreas, have 
ducts connected with them, and these ducts bear away a definite 
secretion which, like the saliva, pancreatic juice, and bile, has a 
particular and well known function. In addition there is the group 
of so-called ductless glands, such as the spleen, the thymus and 
thyroid bodies, and the supravenal capsules. These are of consider- 


> 
x 


126 ORGANIC EVOLUTION 


able size and very constant in a large number of vertebrated an- 
imals; hence their importance is manifest, but is not in every 
instance clearly understood. They seem, however, to have a very 
vital regulating function of one sort or another and their serious 
derangement is always followed by or concomitant with disease. 
The reproductive glands, especially those of the male, are often 
large, seemingly unnecessarily so if procreation is their only func- 
tion. Hence it is probable that in addition to their normal “ex- 
ternal secretion”? which is passed out through the seminal ducts, 
there may be an additional ‘internal secretion” which is poured 
into the blood or lymph stream and in some way controls the growth 
of horns or mane or beard, just as another ductless gland, the 
pituitary body, seems to be concerned with bodily growth. The 
secondary sex characters do not develop until the sex organs mature, 
and on the other hand emasculation of the glands themselves pre- 
vents the appearance of these characters, which is positive evi- 
dence of the interrelation of these structures. 

The excess of vigor in the male is due to the vastly greater task 
which the female has of providing nourishment for the offspring, 
either in the form of yolk in bird or reptile, or of interuterine nour- 
ishment and milk in the mammal. With approximately equal 
vitality to begin with, the drain upon the female would lead to 
relative excess of energy on the part of the male which could man- 
ifest itself in the development of the male characteristics. As we 
shall see in a later chapter (Chapter XXIII), cave animals are 
characterized by depauperation, lessening ‘of stature due to starva- 
tion. Excess of energy is inconceivable on the part of a cave 
salamander or fish and therefore could not give rise to exuberant 
growths. This may answer Eigenmann’s argument (page 122), at 
least in part. In order that the duty of procreation may not be 
shirked, it is necessary for the male to have increased activity and 
sexual instinct in proportion as the female is passive, which would 
account for the greater sexual excitation on his part. 

A final explanation for secondary sex distinction is that of Emery, 
who believes that “many cases of secondary sexual differences are 
explained by the sudden appearance (mutation) of another form 
of male or female, the persistence for a while of the two forms side 
by side, as now exists in numerous dimorphic species (especially 
among insects), and then the gradual dying out (killing out by 
natural selection) of one of the two old original forms (the one like 
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the other sex), thus leaving the other, or aberrant form” (Kellogg). 
This explanation is also offered to account for the development of 
mimicry among butterflies and will be further discussed under 
that head (page 246). Kellogg seems to think that as an explana- 
tion for the development of sex characteristics it is rather far- 
fetched, but in the promethea moth which we have discussed the 
larger and more brilliantly colored individual is the female, which 
makes it difficult to apply the excess of male vigor theory, to say 
the least. The effect of emasculation upon the male if the experi- 
ment could be tried would be of great interest. 

By way of summation Kellogg says: ‘“‘The plain truth is that the 
satisfactory, all-explaining explanation of secondary sexual char- 
acters and sexual dimorphism as a whole is yet to be formulated.” 


ARTIFICIAL SELECTION 


Artificial selection is the process whereby the various breeds or 
races of domestic animals and plants have been formed. As the 
name implies, it does not occur in nature and its place in a discus- 
sion of evolution is largely illustrative, in that it shows, at least in 
part, the way nature in her turn has wrought out the wonderful 
changes which the organic world has undergone. It is of the char- 
acter of experimental biology upon which modern investigators 
rely so largely for their facts; but it has been found that laboratory 
experiments sometimes succeed where nature fails, so that it is 
quite possible that the theory of natural selection, for instance, 
rests too largely upon an assumed analogy with the artificial. 

Artificial selection is, in its simplest aspect, an extremely old 
process, judged by human standards, extending as it does over 
eight thousand years, and some of the changes wrought among 
animals and plants are truly marvelous. Certain types, on the 
other hand, like the peacock or guinea hen, lack plasticity and all 
the centuries of their domestication have failed to produce any very 
marked departure from the original stock. 

The forms produced by artificial selection are often very far 
from a natural ideal and are not such as would be produced or even 
survive in the wild state. In nature, characteristics which make 
for success in the struggle for existence are the product of evolu- 
tion; in domestic races the qualities or traits which are useful to 
man or conform with his fancy or with style are selected, many of 
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which would prove an insuperable handicap in open competition. 
Another characteristic of artificial breeds is their instability, their 
proneness to revert to the original type in a few generations if the 
vigilance of the breeder in prohibiting promiscuous mating is re- 
laxed. 


Examples of Artificial Selection 


Pigeons.—Among the most plastic of all domesticated animals 
are the pigeons, of which considerably more than 150 named varie- 
ties, all descended from a single known source and which breed 
true, were known at the time of Darwin (1868); moreover, the 
range of variation is so great that “‘some domestic races of the rock- 
pigeon differ fully as much from each other in external characters 
as do the most distinct natural genera” (Darwin). (See Pl. I.) 

The rock-pigeon, Columba livia, which includes two or three 
closely allied subspecies or geographical races, is to be regarded as 
the common parent form. From this conservative bird there have 
been derived some remarkable types, such, for instance, as the 
pouter, in which the body and legs are elongate and the feet are 
fully feathered; but the most peculiar feature, which gives the 
name to the race, is the enormous size of the cesophagus, which is 
often inflated, giving the bird a remarkable military air. A second 
race consists of the carrier pigeons, with elongated beak, neck and 
body but with the eyes surrounded by much naked, generally 
wattled skin. These are the pigeons capable of the most sustained 
flight and are used abundantly as homing birds. 

In the race of fantails, the tail is expanded, directed upward 
and formed of many feathers, with no oil gland, and there is a 
rather short body and beak. The carriage of this bird is remark- 
able, the head touches the tail feathers, and habitually trembles 
very much, and the neck has an extraordinary backward and for- 
ward movement. Good birds walk in a singular manner as if their 
feet were stiff, and owing to their large tails they fly badly on a 
windy day. 

The turbits have the feathers reversed along the front of the 
neck and breast while in the Jacobins they are reversed even more 
along the back of the neck, forming a hood which, meeting in front 
of the neck, almost encloses the head. Tumblers have a curious 
habit of tumbling backward during flight, some, particularly the 
Dutch Rollers, tumbling to an extraordinary degree. ‘Every few 


, PLate I1.—Domestic varieties of pigeons. 1, wild rock dove, Columba livia, 
ancestral form; 2, homing pigeon; 3, common mongrel; 4, archangel; 5, tumbler; 
6, bald-headed tumbler; 7, barb; 8, pouter; 9, Russian trumpeter; 10, fairy 
swallow; 11, black-winged swallow; 12, fantail; 13, carrier; 14, 15, bluetts; bird 
between 14 and 15, a tailed turbit. Photograph of an exhibit in the United States 
National Museum, reproduced by courtesy of that institution. 
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seconds over they go; one, two, or three summersaults at a time. 
Here and there a bird gives a very quick and rapid spin, revolving 
like a wheel, though they sometimes lose their balance, and make a 
rather ungraceful fall, in which they occasionally hurt themselves 
by striking some object” (Brent in Darwin). 

In the Indian frill-back, as in the Jacobin, the feathers are re- 
versed, but in the frill-back they curl backward over the whole 
body. The trumpeters have a tuft of feathers at the base of the 
beak curling forward, and a very peculiar voice. 

These instances, the descriptions of which have been taken from 
Darwin, will suffice to show not ‘only the extremes of variation 
but the impossibility of natural survival on the part of some of 
them, notably the tumblers and fantails, with their poor locomo- 
tive powers, and the frill-backs, whose feathers, instead of being 
an admirable protection against inclement weather, actually invite 
the destruction of the bird. The young of all of the highly improved 
fancy birds are extremely liable to disease and death owing to the 
detrimental effect produced on the constitution of an animal by 
too close inbreeding. Some of these breeds are very old, pouters, 
Jacobins and tumblers having existed prior to 1600. Neverthe- 
less they are not yet stable and it is said that only two generations 
of promiscuous breeding will suffice to produce a mongrel in many 
ways a practical reversion to the ancestral rock-dove type. 


Factors of Artificial Selection 


The means employed by the stock breeder in the production of 
new varieties have been enumerated by Jordan and Kellogg as 
follows: 

First, unconscious selection with more or less complete isola- 
tion. What this really means is a weeding out of the unfit, the 
less desirable animals from every point of view. These are elimin- 
ated and the remaining animals permitted to breed. This improves 
the stock without giving the race distinctive qualities. Neverthe- 
less where isolation is effective and environmental conditions 
differ, it leads in time to marked racial divergence. Among the 
sheep of England several markedly distinct races have been thus 


produced, as follows: 


Hornless varieties: 
Southdown sheep of Sussex, tawny face and legs. 
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Hampshire sheep, black face, ears, and legs, black spot under 
tail. 

Devonshire sheep, similar to preceding but without black spot 
under tail. 

Cheviot sheep, face and ears white, head free from wool, ears 
erect. 

Shropshire sheep, dun face, face more or less covered by 
wool. 

Horned varieties: 

Dorset sheep, white face and ears, small white curved horns. 
Irish sheep, black horns. 

Second, conscious selection of the more desirable individuals, 
emphasizing such points as larger size, plumpness, earlier maturity, 
greater docility, and fertility. While unconscious selection tends 
to produce racial divergence, here the reverse is true, for these 
good qualities appearing in all individuals tend to obscure natural 
or racial traits and make all sheep look alike. 

Third, conscious selection directed toward definite or special 
ends, that is, emphasizing certain individual characteristics rather 
than working toward a good, all-round animal. Variation is con- 
tinually bringing new points to the breeder’s notice; those which 
strike his fancy or increase the value of the animal will be cumu- 
latively emphasized in successive generations by breeding only 
from those individuals which show the characteristic best. In this 
way increased milk-flow or yield of meat or wool, or the disap- 
pearance of horns is obtained. Often the character which strikes 
the breeder’s fancy is non-beneficial and hence opposed to a result 
which would be produced by natural selection. 

Fourth, crossing or hybridizing. The crossing of two individuals 
is often of great benefit because it (1) increases the range of varia- 
tion, (2) adds or combines certain desirable characters, (3) elimin- 
ates the undesirable. “In general, at least after the first genera- 
tion, the progeny will diverge widely from one another. Some will 
show good qualities, some poor, some will be a mosaic of both 
parents, some will diverge widely from either, often showing traits 
either remotely ancestral or wholly new”’ (Jordan and Kellogg). 

When this cross-breeding is accompanied by careful selection 
directed toward definite or special ends, remarkable results are 
accomplished, and it is mainly upon this series of processes that 
breeding as a fine art depends. In this way Luther Burbank has 


PiaTe II.—Mule (A) and hinny (B). (Courtesy of S. H. Chubb.) 
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produced a marvelous assemblage of plant varieties, flowers, and 
fruits, attaining by his patience and skill results which are almost 
like those of wizardry. 


Limits of Artificial Selection 


These are not met with as soon among plants as among animals, 
and the first impediment is lack of fertility in making wide crosses. 
Among animals crosses of varieties only are practicable and as a 
rule related species such as the horse (Equus caballus) and the ass 
(Equus asinus) can be bred only for one generation, as the off- 
spring is sterile. Among plants, on the other hand, not only are 
wider crosses practicable but many plants can be propagated from 
cuttings, while higher animals, including all domestic animals, can 
not, and the only way of getting another individual such as a 
rule is to make the original cross again. Mules can be improved 
therefore only by improving the parents or by crossing different 
breeds of the horse and ass respectively. 

Cross-breeding Contrasts.—Contrasting results are sometimes 
obtained in cross-breeding by reversing the sexes of the two vari- 
eties mated. Thus the common mule is the offspring of a male ass 
and female horse; from the father he inherits certain superficial 
traits such as the small hoofs, roached mane, scanty tail, the voice, 
and some peculiar mental characteristics; while from the mother 
come the deeper-lying size and strength and symmetry. Some 
authorities claim that his intelligence is greater than that of either 
parent, although he lacks the dignity and poise of a good horse. 
Reverse the cross and the result is a hinny, more horselike 
in contour and appearance, but with the smaller stature of the 
ass. The voice is that of the horse, and the animal is more apt to 
be fertile than the mule. The superficial characteristics and voice 
are in each instance those of the father, the stature, strength and 
symmetry those of the mother. (See Pl. II.) 

Among plants the reverse hybridizing of the walnuts gives an- 
other instance of contrasts. The California walnut (Juglans cali- 
fornica) male and the black walnut (J. nigra) female when propa- 
gated give trees which increase in size twice as fast as the com- 
bined growth of both parents, with clean-cut, glossy, bright green 
leaves from two to three feet long, an odor like apples, but no nuts. 
The hybrid is therefore sterile. From the male black walnut and 


132 ORGANIC EVOLUTION 


the female California tree, however, there is produced a tree with 
larger nuts of a quality superior to that of either parent. 

Mechanical Limits.—The second limit to artificial selection is a 
mechanical one, for just as architecture and especially bridge con- 
struction have their limitations fixed by the strength of the build- 
ing materials at the disposal of the builder, so a limit may be 
reached in nature. Speed among animals requires among other 
characteristics long and slender lower segments to the limbs, which 
reach their highest perfection in animals of the size of the average 
African antelope. With a larger creature, such as a horse, the 
impacts and strains to which the limbs are subjected are increased, 
not only because of the greater force required to move a larger 
animal, but very rapidly with each added increment of speed. 
The modern race horse with a speed of over 30 miles an hour has 
just about reached the limit of strength on the part of bone and 
muscle, and a marked increase on the part of future animals is 
not to be looked for without proportionate risk of frequent injury 
to the horse. There are known cases in which a positive limit has 
been reached in attempting to modify organs through selection 
alone. 
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CHAPTER IX 
VARIATION AND Mutation 


The fundamental basic prerequisite to evolution is undoubtedly 
variation, which together with heredity may be regarded as an 
undeniable fact. Therefore, as has been said, the cause of varia- 
tion must be a contributory cause of evolution itself. But not all 
variations are alike, and only certain ones, apparently, are heritable, 
hence it is necessary to understand quite clearly what sorts of 
variations exist, since those that can not be inherited can have no 
part in the evolution of a species, as they concern only the in- 
dividual and not the race. 


Sorts of Variations 


Variations may be grouped into three sets of contrasting kinds, 
six-in all, and any character may fall within one or more of the — 
groups. They are: 

(1) Congenital or blastogenic variations, which are determined 
at conception. The term congenital in its etymology means exist- 
ing at or dating from birth, but as applied to a variation it refers 
to the very beginning of an organism’s existence. Blastogenic 
(Gr. BXaotes, germ, and yéveous, generation), on the other hand, 
means occurring in the germ-plasm. Of course the variation may 
not, often can not appear until later in life, as, for example, varia- 
tions in adult size and proportions; nevertheless they are fluctua- 
tions which have been, as it were, foreordained and will in the full- 
ness of time come to pass, but may occur at any period from the 
beginning of embryonic life to the death of the organism. Con- 
genital variations are intrinsic and not due to any external influence 
whatever, in contrast to the 

(2) Acquired variations, which are imposed upon the organism 
during its lifetime and are due to extrinsic influence. Under which 
of these two heads a variation should fall is often almost impos- 
sible to decide except by experimental work, and sometimes not 
then, but the difference is of fundamental importance if, as we are 
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told, congenital variations only can be inherited by the offspring. 
See, however, page 145. 

Examples of congenital variation are the occasional occurrence 
of supernumerary digits in man, the domestic cat, the horse, and 
other forms, for they can not be due to accident or to any external 
influence and are occasionally inherited through several genera- 
tions. On the other hand, the loss of a digit in man through too | 
close proximity to a circular saw would certainly be an acquired 
characteristic and long series of experiments have proved conclu- 
sively that such variations are without the pale of heredity. 

Another example which occurs normally in nature would be the 
hive bees (A pis mellifica),in which the sex distinction between the 
workers and queens is an acquired variation, while that between 
drone and queen or worker is blastogenic. The queen is impreg- 
nated but once, the male elements being stored in the seminal 
receptacle, and used one at a time for the subsequent fertilization 
of the eggs. The workers build two sizes of cells in the brood combs, 
in the larger of which the queen lays an unimpregnated egg, while 
that laid in the smaller cell is fertilized at the time of extrusion. 
From the unfertilized egg there arises, invariably, a drone or male 
bee, while the fertilized egg produces a potential female. Hence 
the difference between male and female bee, depending as it does 
upon impregnation or not, is congenital. The ultimate fate of the 
impregnated egg is subject to the whim of the workers, for while 
the vast majority of the eggs remain within the small worker-cells 
and, being fed upon a meager and comparatively innutritious 
diet, develop into workers—the so-called neuters, which are in 
reality undeveloped females—a select few have their cells enlarged 
at the expense of the surrounding ones and are fed upon highly 
nutritious “royal pabulum”’ and ultimately develop into mature 
females or queens. It is said that even after three days of larval 
life, the humble worker, like the beggar maid of King Cophetua, 
may become a queen. Thus this variation, being imposed upon 
the animal during life, is an acquired one. 

Indeterminate and Determinate.—Variations may be further 
classified as (3) indeterminate, those fortuitous variations which 
are not subject to any law but occur in any conceivable direction 
of change; or (4) determinate, controlled by some unknown in- 
fluence and confined to certain definite lines or directions of change, 
usually in an adaptive direction. Of the first of these two contrast- 


VARIATION AND MUTATION 135 


ing types there is no doubt, and they are the variations upon which 
the Darwinian factor of natural selection is supposed to operate. 
Illustrations are legion, as the comparison of any group of related 
organisms will show a variation of size which embraces every dimen- 
sion of space and combination thereof. 

Of determinate variations we are not so sure; some claim that 
they have no real existence, that there is no such tendency to vary 
always in a given direction in successive generations, while others, 
notably Osborn and Eimer, consider 
these variations, which they call or- 
thogenetic (Gr. 6p00s, straight, and 
yéveows, generation), the important 
ones in evolution. 

What is apparently an example of 
determinate variations is that given 
by Kellogg, who described in 1906 
“the gradual but obvious change 
from one dominant type of color- 
pattern to another in the leaf-eating 
beetle Diabrotica soror (on the campus 
of Stanford University, California) 
during the last ten years [as] is shown B 
by statistical variation studies.” It 
is apparently proved “that such 
change is not explicable ona basis of  pyg. y¢-—Teeth of (A) thinoc: 
intra-specific selection, nor can it be eros, Canopus sp.; and (B) coney, 
interpreted as a direct, ontogenetic [yas apes, yuuch are 
[pertaining to the individual] reaction 
in each succeeding generation to changing climatic conditions. 
The case is believed to be an example of definitive orthogenetic 
variation.” 

Many paleontologists think they see repeated instances of 
orthogenetic variation, as they are, as a rule, “so profoundly im- 
pressed by the adaptive nature of the evolutionary process and by 
the definitiveness of its direction, that they cannot regard the 
restraining or selective action of the environment as enough to 
keep the breed true.” . For example, the sure way in which the cusps 
of the teeth in ungulate animals appear in the course of time, so 
that one can predict the ultimate tooth pattern at the end of an 
evolutionary series with fair assurance. The rhinoceroses, on the 
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one hand, and the totally unrelated coney, Hyrax, on the other, 
have teeth so similar that Roosevelt calls attention to the fact in 
his African Game Trails (see Fig. 15). This is an instance of con- 
vergence, which is often the result of what is apparently ortho- 
genetic variation. The overgrown antlers of the Irish deer or the 
tusks of the Columbian mammoth (see Chapters XII and XXXIV) 
which in each instance seem to be so far beyond the point to which 
natural selection would carry them, are considered as further 
instances of this form of variation. 

Continuous and Discontinuous.—Variations may also be 
classed as (5) continuous, that is, small, abundant, and occurring in 
graded series. These, if 
also fortuitous, are the 
so-called Darwinian va- 
riations or fluctuations, 
to be acted upon by 
natural selection. They 
are generally quantita- 
tive rather than numeri- 
cal variations, and the 
increment of change be- 
tween successive genera- 
tions is extremely slight. 

In contrast to the continuous are the (6) discontinuous varia- 
tions, which are mostly large or rare. They are also known as 
sports or saltations (see page 137) and have been called mutations 
by De Vries, although the last word in its original usage by Waagen 
represented a different conception, in that De Vries’s mutations 
may be contemporary, in the offspring of a single generation, while 
Waagen used the term to include stages of transition between 
Linnean species occurring in direct lines of racial ascent and never 
contemporaneous. 

The great mass of variations come under the head of continuous, 
the discontinuous ones being relatively rare, although many such 
have been recorded, as for example the numerous instances of 
variation from the standard number of digits in vertebrates. In 
mankind, six, seven, or even eight fingers to the hand have been 
observed (see Fig. 16), while the doubling of the foot has brought 
the number of toes as high as nine on a side. Cattle and horses 
sometimes show multiple digits and, on the other hand, pigs with 


Fic. 16.—Eight-fingered hand, Homo sapiens, fe- 
male. (After Murray, from Bateson.) 
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the two median toes united into one perfectly formed digit, the 
so-called solid-hoofed pigs, occasionally occur. Sheep sometimes 
show four horns instead of two, but the peculiarity is that instead 
of having ene pair behind the other as in the normal four-horned 
antelope (Teiracerus quadricornis) the horns always stand in a 
single transverse series across the skull. One family of goats on 
an isolated farm near Bozen has four horns which have been in- 
herited for many generations (Bateson). 

All of these are instances of meristic (Gr. uépos, part) or number 
variations and are apt to occur wherever any structure is repeated 
in numerical series: in the number of segments of worms and 
arthropods, or in the vertebral column, ribs, and muscles, and in 
the number of appendages. Radially symmetrical forms such as 
sea-anemones and starfish also exhibit it and it frequently occurs 
among plants, especially in the flowers or leaves, as in the four-leaf 
clover. 

Other instances of discontinuous variations are not of this 
numerical sort but are mutations of color, form, and size. Such, 
for example, are the famous new saltations of Lamarck’s evening 
primrose (Ginothera lamarckiana), which breed true and gave rise 
to De Vries’s theory of the origin of new species by saltations or 
mutations. Some of these vary from the original in size, one is 
a smooth-leafed form with a more beautiful foliage, and so on. 
Another example is that of the short-legged ram which suddenly 
appeared in Massachusetts in the year 1791. This ram proved to 
be a potent sire, capable of handing on his peculiarity to his prog- 
eny, and thus was the founder of a breed of so-called Ancon sheep 
whose principal virtue was their inability to jump fences due to the 
brevity of their limbs; with the introduction of the more desirable 
merinos, the Ancon sheep disappeared. 


Causes of Variations 


The causes of acquired variations are apparent, for every modi- 
fication which the organism undergoes in its lifetime in response 
to any external condition whatsoever comes under this head. The 
influence of abundance or scarcity of food in. giving the animal a 
greater stature or one less great than that of its brethren, the in- 
fluence of heat, cold, omnipresent enemies, or even the absence 
of exacting conditions: all these make themselves felt upon the in- 
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dividual in greater or less degree, but, as has been emphasized, 
this individual adaptation, however interesting it may be, is not 
evolution. Therefore in our inquiry into the subordinate factors 
of evolution, it is not the cause of acquired, but of congenita? varia- 
tions with which we are concerned. These have been summarized 
by Kellogg as follows: 

Origin of Congenital Variations.—Three principal explana- 
tions, none experimentally proved or even fairly tested, are offered 
for the origin of congenital variations. 

(1) “That there exists in the germ-plasm an inherent tendency 
or capacity to vary so that there is inevitable variation in all in- 
dividuals produced from germ-plasm.”” This variation may be 
either fortuitous or fluctuating or follow certain fixed or determinate 
lines. 

(2) “That amphimixis, 7. ¢., biparental parentage, is the prin- 
cipal cause of variation, it seeming logical to presume that in- 
dividuals produced from germ-cells derived from the fusion of 
germ-plasm coming from two individuals more or less unlike would 
differ slightly from either of the parental individuals. 

(3) “That congenital variation is due to the influence of the 
ever-varying environment of the germ-cell producing individuals.” 

Objections.—‘‘Inherent,”” however, does not clear up in any 
degree a phenomenon for which we are demanding a causo-me- 
chanical explanation. It will readily be seen that this explanation 
merely begs the question and offers no real explication of this 
inherent tendency, for if such really exists, then it is not the cause 
of variation but the cause of the tendency to vary that is a primal 
factor of evolution, and until that is found we are as far from a true 
understanding as ever. 

The second explanation seems at first sight to be a very plausible 
one, for the mating of two plants or animals, especially if they vary 
from each other, will give offspring which possess certain characters 
of one parent and certain of the other, especially when from the 
nature of these characters they are mutually exclusive. It will 
also give rise to variations which combine those of the parents and 
thus the offspring will differ from either. But all animals and 
plants are not produced in this way, for hosts of them have but 
one parent, either due to the simplicity of their organization, such 
as the asexual Protozoa, or to the suppression of sex, 7. e., partheno- 
genesis (Gr. Tap@évos, virgin, and yéveous, generation). Among 
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Protozoa it would be difficult to prove that any variations which 
could be observed were congenital. The parthenogenetic forms, 
on the other hand, are all relatively high in the scale of life, such 
for instance as the drone bees and aphids, both of which have 
been subjected to careful observation by Kellogg. The production 
of the drone bees from an unfertilized egg has already been em- 
phasized, yet, as Kellogg shows, the variation, especially in the 
size, proportions, and venation of the wings, which can not be ac- 
quired characters, is greater than among the bees, workers, and 
queens, produced from fertilized eggs and hence of biparental 
parentage. The plant-lice or aphids are tiny creatures among which 
rapidity of multiplication during the season of abundance is highly 
important and this is obtained by generation after generation, 
sometimes more than a dozen, being produced without male inter- 
vention, all of the individuals of each generation being partheno- 
genetic females which bring forth their young alive. Yet Kellogg 
says: “In a series of 200 winged females of the mustard plant louse 
(species unknown) produced viviparously by agamic [Gr. @-, with- 
out, and ydpos, marriage] stem-mothers, ... the variation in 
wing size, in dimensions of vein-parts, in modification of the vena- 
tion . . . in fore and hind wings, and the number of grasping 
hooks on the hind wings was studied. In all these characters a 
notable variation is apparent.” No comparison was made with 
the variation of the aphids of the early spring generation that 
comes from eggs of bisexual parentage; but it was apparent that 
in the variations which were observed there was sufficient range 
in extent and character “‘to serve natural selection as a species- 
building basis, if the familiar fluctuating, continuous or Dar- 
winian variation ever is sufficient for this purpose. Amphimixis is 
not only not necessary in order to insure Darwinian variation, but 
there is no evidence (that I am aware of) to show that it increases 
this variation. There is, on the other hand, a little evidence, some 
of it presented herewith, to show that such variation occurs, whether 
the offspring be of uniparental or biparental ancestry, and to show 
that this variation is no greater in amphimixis than among par- 
thenogenetically produced individuals.” Yet the Neo-Darwinians, 
headed by Weismann, explain variation as a product of sex, and 
sex as a product of the necessity for variation! 

The third cause of congenital variation, that of the influence of 
the ever-varying environment, will be discussed more in detail in 
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a later chapter (Chapter XI). It suffices to say here that we know 
no means whereby the character of the surrounding medium can 
make itself felt upon the germ-cell itself (which has been shown to 
be the physical basis of heredity), so thoroughly is the latter ap- 
parently insulated from all outside influences. In the Protozoa 
such influence is understandable, but not in the higher and more 
complex forms. Then, too, variations arising in this way would 
approach perilously near being acquired and not congenital ones 
at all, unless they manifested themselves only in succeeding genera- 
tions. ; 

Theory of Germinal Selection.—A theory of germinal selection was 
proposed by Weismann in 1895, and more definitely in 1896. He called 
it ‘‘a spring of definitely determined variation’”’ and it was invoked to 
explain, first, how not only degeneration (physiological) but rudimenta- 
tion (morphological) occurs in panmixia (7. e., cessation of natural selec- 
tion); second, why exactly those variations needed for the development 
of a certain adaptation appear at the right time; third, how correlation 
of adaptation comes to exist; and, fourth, how variations are able to 
develop orthogenetically along a definite line, without depending on the 
necessity of a personal selection raising them step by step. In 1902, 
Weismann further applied the theory to the explanation of monsters, 
of ‘‘sports,” of suddenly appearing sex-characters, of specific talents, and 
still other hitherto unsatisfactorily explained phenomena. 

“Weismann conceives the protoplasm of the cell nucleus to be com- 
posed of units called biophors—these biophors can also migrate out into 
the cytoplasm surrounding the nucleus—which are the bearers of the 
individual characters of the cell. The total character of any cell, its 
form, make-up, and special properties, is determined by the totality of 
its biophors. These biophors are not, however, such simple structures 
as the atoms of the chemist, indeed, they are to be looked on as super- 
molecules, as complex groups of chemical molecules, of determined char- 
acter and arrangement. Moreover, as these biophors are life-units, they 
possess the essential characteristics of life, that is, the capacity to assim- 
ilate food, to grow, and to reproduce themselves by division. The num- 
ber of different biophors is almost inconceivably enormous; for it must 
equal the possibilities of variety in character exhibited by, or capable of 
being exhibited by, all the cells of the body. But as each biophor is made 
of many complex molecules which may vary among themselves, and 
also vary in their structural relation to each other inside the biophor, it 
is not difficult, perhaps, to imagine the possible variety of biophors to be 
equal to the possible variety of cell characters. These biophors are con- 
ceived to be united into fixed, indissoluble groups called determinants, 
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each determinant containing all the biophors necessary to determine the 
whole character of any one kind of cell. Like the biophors the deter- 
minants can assimilate food, grow and multiply by division. While in 
each specialized body cell there needs to be but a single determinant, 
namely, one of the special kind conforming to the special kind of cell, 
in the germ-cells there must be conceived to be every kind of determinant 
which may be found in all the body-cells taken together. But, fortu- 
nately, by virtue of the determinants’ capacity for multiplication, it is 
not necessary to assume that there exists in the germ a determinant for 
every cell that is to develop in the body, but only one for every different 
kind of cell; all cells exactly alike can be supplied with similar deter- 
minants by the multiplication of the proper kind. Now Weismann’s 
theory of germinal selection rests upon the assumption of a competition 
or ‘struggle’ of the determinants in the germ-plasm for food and hence 
for opportunity to grow, to be vigorous, and to multiply. The germ- 
cells derive their food, as do the other cells and tissues of the body, from 
the general food streams circulating around and through the cells. Weis- 
mann, recognizing the absolute principle of slight variation everywhere in 
nature,—it is practically impossible to conceive of identity,—believes 
that the initially slightly stronger or more capable determinants will be 
able to take up larger supplies of food, even to the extent of lessening 
the supply for neighboring determinants, perhaps to the degree of starva- 
tion. Indeed he suggests a reason for the initial slight variations in vigor 
of the determinants in the probability that the food will reach the various 
determinants in slightly, purely fortuitously, variable quantity, so that 
the first inequality in vigor of the determinants will depend on the 
fortuitous variability of food supply, while thereafter the variability in 
the determinants thus produced will enable the stronger ones to draw 
to themselves or take up more food and thus accumulate determinately 
the initial fortuitous inequality” (Kellogg). 
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CHAPTERS. 
HEREDITY 


With heredity again as with variation, we are dealing with a 
fact; the laws of heredity and whether or not certain characters 
are heritable, however, are subjects for debate. Heredity is thus 
defined by the Century Dictionary: “The principle or fact of in- 
heritance, or the transmission of physical and mental characteristics 
from parent to offspring, regarded as the conservative factor in 
evolution, opposing the tendency to variation under conditions of 
environment.” Heredity has also been defined as the rule of per- 
sistence among Cue each organism being likely to resemble 
its parents. 

By some writers heredity is considered the force which compels 
the resemblance; by others the process whereby the offspring comes 
~ to resemble its immediate ancestry. Of course, while partaking of 
the nature of each parent to a certain extent, the organism through 
them partakes also of the nature of its grandparents and so on 
back in ever diminishing degree. 

The problem of inheritance, especially the means by which it is 
brought about, is one of the most interesting in Biology. Formerly 
the fact of inheritance was considered self-sufficient, now inquiry 
into the mechanism of heredity has thrown much light upon the 
problem of evolution itself. 


Physical Basis of Heredity 


How the inheritance is handed down has been investigated by 
a number of workers, some of whose results follow. 

Darwin’s Pangenesis Theory.—Darwin realized that ie doc- 
trine of natural selection lacked completion if he merely accepted 
the fact of heredity at its face value without trying to learn in 
what way mental or physical traits or new variations got into the 
egg or sperm and thus were borne on to the next generation. He 
therefore devised the theory of pangenesis (Gr. 7s, all, and yéveous, 
generation), according to which every cell of every tissue and 
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organ of the entire body produces minute particles called gem- 
mules, which in each instance partake of the nature of the cells 
producing them. These gemmules may circulate throughout the 
entire organism but finally congregate in the reproductive prod- 
ucts or in buds, so that each germ-cell or each bud (asexual) 
capable of giving rise to a new individual would be in a sense a 
miniature replica of the parents’ body and would thus be capable 
of developing into the same kind of a body even in minute detail. 
Darwin thought that sometimes certain of the gemmules might 
lie dormant for several generations and then develop, bringing out 
in an individual its ancestral (atavistic) traits. If this theory of 
gemmules were true, it would lead to the acceptance of the teach- 
ing of Lamarck or even of Buffon, because under such circumstances 
the inheritance of acquired characters gained by the parent during 
its lifetime would be entirely feasible, for such characteristics could 
be impressed upon the germ-cell as readily as could the variations 
which we call congenital. 

Later research, however, proved that such a theory has no basis 
in fact and biologists soon began to search for a substance which 
could be a physical basis for heredity just as the protoplasm which 
makes up the bulk of all organisms is the physical basis of life, and 
while Naegeli and Wiesner were convinced that there was such a 
substance, it remained for August Weismann, for nearly fifty 
years professor in the University of Freiburg, to identify and dem- 
onstrate its existence. 

Weismann’s Germ-plasm Theory.—Weismann’s germ-plasm 
theory was published in 1892 in a volume called Das Keimplasma, 
wherein he brought together the accumulated observations of the 
numerous contemporary students of cell biology and utilized them 
for the development of his somewhat speculative theories. This 
volume Crampton calls ‘‘an immortal foundation for all later work 
on inheritance.” The essential principles of the germ-plasm theory 
are given by Crampton as follows (see also Fig. 17): 

“The chromatin [see Fig. 24] of the nucleus contains the deter- 
minants of hereditary qualities. In reproduction, the male sex- 
cell, which is scarcely more than a minute mass of chromatin pro- 
vided with a thin coat of protoplasm and a motile organ, fuses with 
the egg, and the nuclei of the two cells unite to form a double 
body, which contains equal contributions of chromatin from the 
two parental organisms. This gives the physical basis for paternal 
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inheritance as well as for maternal inheritance, and it shows why 
they may be of the same or equivalent degree. When, now, the 
egg divides, at the first and later cleavages the chromatin masses 
or chromosomes contained in the double nucleus are split length- 


Fic. 17.—Diagram to illustrate the con- 
tinuity of the germ-plasm. Each triangle 
represents an individual made up of germ- 
plasm (dotted) and somatoplasm (undot- 


ted). The beginning of the life cycle of each 
individual is represented at the apex of the 
triangle where germ-plasm and somatoplasm 
are both present. As the individual devel- 
ops, each of these component parts increases. 
In sexual reproduction the germ-plasms of 
two individuals unite into a common stream, 
to which the somatoplasm makes no con- 
tribution. The continuity of the germ-plasm 
is shown by the heavy broken line into 
which run collateral contributions from suc- 
cessive sexual reproductions. (After Walter.) 


wise and the twin portions sepa- 
rate to go into the nuclei of the 
daughter-cells. As the same 
process seems to hold for all 
the later divisions of the cleav- 
age-cells whose products are 
destined to be the various 
tissue elements of the adult 
body, it follows that all tissue- 
cells would contain chromatin 
determinants derived equally 
from the male and female par- 
ents. As of course only the 
germ-cells of an adult organism 
pass on to form later genera- 
tions, and as their content of 
chromatin is derived not from 
the sister organs of the body, 
but from the original fertilized 
egg, there is a direct stream of 
the germ-plasm which flows 
continuously from the germ- 
cell to germ-cell through suc- 
ceeding generations. It would 
seem, therefore, that the va- 
rious organic systems are, so 
to speak, sister products in em- 
bryonic origin. The repro- 
ductive organs are not pro- 


duced by the other parts of the body, but their cells are the 
direct descendants of the common starting point, namely; the egg. 
As the cells of the reproductive organs are the only ones that pass 
over and into the next and later generations, it will be evident, 
in the first place, that the germ-plasm of their nuclei is the only 
essential substance that connects parent and offspring. This 
stream of germ-plasm passes on in direct continuity through suc- 
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cessive generations—from egg to the complete adult, including its 
own germ-cells, through these to the next adult, with its germ- 
cells, and so on and on as long as the species exists. It does not 
flow circuitously from egg to adult and then to new germ-cells, 
but it is direct and continuous, and apparently it can not pick up 
any of the body-changes of an acquired nature. Now we see why 
individual acquisitions are not transmitted. The hereditary stream 
of germ-plasm is already constituted before an animal uses its 
parts in adult life; we can not see how alterations in the structure of 
mature body parts through use and adjustment to the environment 
can be introduced into it to become new qualities of the species.” 

Weismann has produced so very logical a theory that no one 
seriously questions the truth of it to-day, and yet there are certain 
things in connection with it which we do not clearly understand. 
Weismann divided all of the bodily protoplasm into the germ- 
plasm of which we have been speaking and the somatoplasm 
(Gr. c@pa, body, and wAdcpa, anything formed or moulded), 
the latter constituting all of the other protoplasm of the body. 
While the germ-plasm may be handed on—both its substance and 
life—to future generations and is also the source of all the somato- 
plasm of a body, the latter is normally confined to the individual 
arid at his death ceases to exist. The somatoplasm is therefore 
the mortal portion of an organism; the germ-plasm potentially 
immortal. However, in lower forms such as the Protozoa, not only 
is the chromatin of the nucleus (germ-plasm) handed down, but the 
entire body of the organism may be divided between the offspring. 
Still other Protozoa which reproduce by budding give up only a 
portion of their nucleus and cytoplasm to their children, and the 
same thing is true of all invertebrates which reproduce asexually, 
or in plants which may be propagated by cuttings. 

In so high a plant as the hothouse begonia the normal method 
of reproduction is by the production of seeds, hence by the trans- 
mission of germ-plasm to offspring, as Weismann has said, but a 
small piece of begonia leaf, which consists apparently only of 
somatoplasm, can be made to produce an entire plant, stem, leaves, 
flowers, seeds, germ-plasm and all, and if the seeds be planted they 
will continue the inheritance which was also true of the piece of 
leaf. In this case, and the same would be true of the willow, po- 
tato, or any other of the countless plants which can be propagated 
by cuttings, not only is the germ-plasm the vehicle of inheritance, 
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but apparently certain portions of the somatoplasm as well, and 
furthermore the latter may produce not only all of the organs and 
tissues of the entire plant, but new germ-plasm also. This indi- 
cates, therefore, one of two things, either that each body-cell has 
retained its potential quota of hereditary characters, or that por- 
tions of the germ-plasm are widely distributed through the tissues 
of the organism (Osborn). In the higher animals, on the other 
hand, this is a relatively rare occurrence. Sponges have been 
propagated by cutting the entire body into small pieces each one 
of which will produce a new sponge, but here there is little dif- 
ficulty, as the sponges exhibit a very lowly physiological differen- 
tiation among the cells and probably every piece which is success- 
fully grown into a complete sponge had some of that portion, the 
mesoderm, which normally gives rise to the reproductive bodies. 
Starfishes can also reproduce lost parts to the extent of forming 
an entire animal if one arm and a portion of the disc be present. 
From the latter, however, the reproductive bodies normally arise, 
so here again, in contrast to the begonia, an actual portion of an- 
cestral germ-plasm may be handed on. 

Weismann’s theory seems therefore to be true of all higher ani- 
mals, but not necessarily so of plants. In the latter, while the 
germ-plasm, when it is passed on, carries the inheritance, there 
must be some other vehicle of heredity when it is not. It has been 
argued that all plants propagated by cuttings are in reality one 
individual and do not represent successive generations. This may 
be true, but does not contradict the fact that new germ-plasm can 
be derived from a piece of leaf or of tuber or stem as the case may 
be, and thus apparently does not represent a continuous flow from 
germ-plasm to germ-plasm without a break. 

Latent and Potent Qualities.—The sum of the inheritance of 
any organism contains many qualities not all of which are ex- 
ternally manifest in the individual. This is especially true of two 
contrasting qualities which are mutually exclusive; for instance, 
a child, one of whose parents is tall and the other short, may have 
an ultimate stature which is in a sense a compromise between the 
two, or on the other hand he may be tall and yet nevertheless have 
the power of transmitting to his offspring the short stature which 
he inherited along with his tallness, but which was latent within 
him. The qualities which are manifest are therefore potent or 
dominant, while the invisible ones are latent or recessive. The 
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latter may be none the less real in heredity. A more remarkable 
instance is found in the drone bee once more, which, as we have 
seen, comes from an unfertilized egg and therefore has no father 
but a mother only. Nevertheless all his qualities of maleness, his 
reproductive organs, size, and any other characteristics whatsoever 
which distinguish him from the female, including his inborn aver- 
sion to labor, are inherited from his mother, the queen-bee. She 
therefore had these qualities present in every one of the germ-cells 
which she inherited from her father; but those which are fertilized, 
in other words, those which have the male qualities latent and the 
female dominant, receive the stimulus which brings this about 
from the male. Therefore if the bee has no father, it exhibits 
fatherly qualities; if it has a father, it does not. 

Another remarkable instance of latent inheritance is the famous 
race horse Arion, a trotting stallion which made a record of a mile 
in 2:1034 to a high-wheeled sulky as a two-year-old, later reducing 
it to 2:0734 when the pneumatic-tire sulky was invented. He was 
sold for $125,000, at that time the highest price ever paid for a 
trotting horse, and his new owner expected to make a fortune with 
him as a sire, and to establish a line worthy of his name. Strange 
to say, his progeny never developed any speed, but his daughters, 
almost without exception, have produced some wonderful trotting 
colts, the speed lying dormant for one generation, to reappear in 
the second. It is said that in appearance and otherwise Arion pos- 
sessed many feminine characteristics. 

Atavism.—This leads us to the problem of atavism (Lat. alavus, 
an ancestor, from avus, a grandfather, or a great-great-great-grand- 
father) or reversion to ancestral type. Under atavism have been 
included what Delage calls three very different things. They are: 

1. Family atavism. Where in one family individual characters 
are transmitted in latent condition for several generations and 
then-suddenly reappear. The case of Arion is an instance in point, 
but would be a better were there several intervening generations 
rather than but one. : 

2. Race atavism. The more or less regular reappearance in a 
race of characters of another race, from which the first may have 
been derived. Such, for example, are the instances of the profuse 
development of hair on the face and body which occasionally occurs 
in man, as in the Russian “dog man” Adrian Jeftichjew (see F ig. 


244). 
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3. Atavism of teratology (Gr. tépas, wonder, monster). The 
appearance in a race of abnormal characters which, however, are 
normal in other supposedly ancestral races. Instances of this are 
the external ears sometimes found in porpoises, in which such 
structures are normally lacking. The ancestral terrestrial atavus 
of the whales, to which group the porpoise belongs, undoubtedly 
had these structures, which were gradually lost among other adapta- 
tions to aquatic life (see Chapter XX). Fistula, or permanent 
abnormal openings of the neck, which sometimes occur in the 
human subject, have been considered as relics of the ancient gill- 
slits of our piscine ancestry (see Chapter XX XVII). 

In summation it may be said that “less marked cases set down 
to atavism may be instances merely of normal regression. Many 
cases of more abnormal structure, which are really due to abnormal 
embryonic or post-embryonic development, are set down to atavism, 
as, for instance, the cervical fistulae [mentioned above]... . It is 
also used to imply the reversion that takes place when domestic 
varieties are set free [to interbreed indiscriminately] and when 
species or varieties are cfossed. Atavism is, in fact, a misleading 
name covering a number of very different phenomena” (Encyclo- 
pedia Britannica). 

Telegony (Gr. tnAéyovos, born far away).—There is a very 
wide-spread feeling among breeders of domestic animals, especially 
of the finer strains, that the first male bred to a female will influence 
not only his own offspring but subsequent offspring by another 
sire. The idea rests mainly upon what are known as the Peny- 
cuik experiments (Ewart, 1899), the initial one of which was the 
impregnation of a mare, “Mulatto,” by a quagga, a species of 
zebra which is now extinct. The offspring of this union was the 
foal ““Romulus” which showed the quagga-stripes of his father 
very distinctly. Later “‘Mulatto” was bred to a pure Arab stallion 
and her second foal also showed traces of the stripes, although 
by no means as distinctly as his half-brother “Romulus.” The 
only apparent way by which the stripes of the second foal can be 
explained is by some influence of the first sire abiding with the 
female. Definite instances are neither numerous nor well authen- 
ticated with the exception of the one in question, and even this 
may be due to some other cause. 

Telegony has been theoretically explained in two ways. (1) 
Spermatozoa or portions of spermatozoa from the first sire may 
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occasionally survive within the mother for an abnormally long 
period. (2) The body or the reproductive cells of the mother may 
be influenced by the growth of the embryo within her, so that 
she acquires something of the character of the sire. The first 
supposition has no direct evidence to support it, and is made highly 
improbable from the fact that a second impregnation is always 
necessary except in forms like certain insects in which one pairing, 
during which the sperms are stored up in a special receptacle, 
serves for a lifetime of egg production. Against the second sup- 
position Pearson brings the cogent empirical evidence that the 
younger children of the same sire show no increased tendency to 
resemble him. Nevertheless, if telegony is true, all we can deduce 
from it is that in some manner the normal characteristic ova are 
modified by the foreign male germ-cells without either contact 
or fertilization (Osborn). Jordan and Kellogg think it probable 
that the phenomena called telegony have no real existence. 
Prenatal Infiuence.—There is a widely held belief that in mam- 
mals a special additional formative influence is exerted by the 
mother in the period between conception and birth. Maternal 
impression does not refer to the results of good or poor nutrition, 
which are discussed below, but to the development in the unborn 
young of definite anomalies such as birthmarks and the like. 
While instances are numerous, they have never been given accu- 
rate scientific research and are still open to question; nevertheless, 
many high authorities and most physicians believe in prenatal 
influence and the belief is very old, as the first recorded instance 
is in Genesis XXX, 32-42, dating back to the time of the patriarch 
Jacob, about 1730 B.c. Jacob was to receive as his share of Laban’s 
flocks and herds “‘all the speckled and spotted cattle, and all the 
brown cattle among the sheep, and the spotted and speckled among 
the goats,” while Laban was to retain such as were not so marked. 
So Jacob “took him rods of green poplar, and of the hazel and 
chestnut tree; and pilled white streaks in them, and made the 
white appear which was in the rods. And he set the rods which 
he had pilled before the flocks in the gutters in the watering troughs 
when the flocks came to drink, that they should conceive when 
they came to drink. And the flocks conceived before the rods, 
and brought forth cattle ringstreaked, speckled and spotted.” 
But Jacob was shrewd enough to put the rods before the eyes 
of the stronger cattle, “but when the cattle were feeble, he 
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put them not in: so the feebler were Laban’s, and the stronger 
Jacob’s.”’ 

Transmission of Parental Conditions.—One thing which must 
be distinguished very clearly from heredity is the transmission of 
characteristics which are not those normal to the race but those 
peculiar to the parent, such for instance as the malnutrition of the 
embryo due to the weak or impoverished condition of the mother. 
‘Heredity hands down qualities of the parents as they should be, 
transmission as they are; the one is concerned with the nature, 
the other with the nurture of the individual. In breeding, the 
potentially best is often better than the actually best, as an old 
race horse sire will produce speedier colts than a young and vigor- 
ous cart horse. Nevertheless, the feebleness of either parent 
through disease or debauchery may produce offspring with so 
heavy a handicap that they are never able to overcome it and 
cope with others of potentially inferior stock. Insufficient nutri- 
tion both before and after birth may neutralize the most vigorous 
inheritance. 

Sex Control.—The problem of sex control is another vexatious 
one which, although many theories have been advanced, has never 
been satisfactorily solved, but the fundamental differences in sex 
are not so great as might be imagined, as the organs of the one 
are often represented as rudiments in the other, the differentia- 
tion coming about mainly through division of labor between male 
and female in the production and nutrition of offspring. 

How sex is determined is also not clear; the germ-cell may 
be either sexless or bisexual, but each animal soon becomes 
male or female. Occasionally there occurs what is known as 
hermaphroditism (Gr.‘ Epyfjs, Hermes, and ’Adpodirn, Aphrodite), 
that is, a combining of the sexes in one individual. Among animals 
this is rare and is almost invariably found in sedentary or semi- 
sedentary types. For example, the European oyster is hermaphro- 
ditic, while its American ally is not. Barnacles, sedentary Crus- 
tacea, are often bisexual, and sometimes there may be seen within 
the body of the hermaphroditic female a small, so-called comple- 
mental male, evidently in process of elimination from the race. 
The snail and earthworm, which, though not sedentary, have 
very limited powers of movement, also have the sexes combined, 
while in plants separate sexes are the anomaly, hermaphroditism 
being the rule. Among invertebrates the proportion of the sexes 
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varies enormously; among vertebrates, on the other hand, they 
are generally nicely balanced. A very slight influence may de- 
termine the sex of the developing animal, but what it is is rarely 
known. Among hive bees, as we have seen, unfertilized eggs 
invariably produce males, whereas among aphids parthenogenesis 
gives rise to females only until autumn, and then to both sexes, 
while the fertilization of the winter egg, as in the case of the bees, 
produces females only. Here the appearance of males—and the 
same is true of wasps and many other insects—is a harbinger of 
cold and inclement weather, and may sometimes be postponed 
by artificially continued uniform conditions. For example, the 
scale insects (Coccidee) found in a state of nature normally produce 
the males toward the end of the growing season, and this is also 
true of some types resident upon hothouse plants (Pulvinaria sp.). 
On the other hand, certain hothouse species far from their native 
habitat have been observed for years without the discovery of a 
single male. 

Among certain animals, possibly in the forms just discussed, 
variation in nutrition is a sex determinant, but sometimes abun- 
dance will produce females and scarcity males, and again the 
reverse may be true. Whether or not this is a factor among man- 
kind is not proved, although it is a popular belief that in times 
of war or famine the production of male children is preponderant. 
However, this is not borne out by the study of the vital statistics 
of France or the United States. 

Homologies and Analogies.—The distinction between homol- 
ogous organs which have the same structure and origin, in other 
words, such as are morphological (Gr. “op¢7, form) equivalents, 
and analogous organs which have a similar use or function but 
which may not be historically identical is often of the utmost im- 
portance. Homologous organs imply blood relationship on the 
part of their possessors and are therefore the basis for classification. 
Analogous organs, on the other hand, while they necessarily have 
the same function, may have their origin in very unlike structures 
and may be very misleading to the systematist. Such, for example, 
are the various types of wing whereby at least four different groups 
of animals, three vertebrate and one invertebrate, have attained 
true flight. In the vertebrates, the birds, bats, and the extinct 
pterodactyls have each independently developed a wing, but in 
every case it is the modified fore limb equivalent to the arm and 
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hand of man. Hence the wings of bat and bird and reptile are both 
analogous and homologous, as they are historically the same 
organ and also have the same function. The wings of the insect, 


Fic. 18.—Section of insect, showing wings. d, diges- 
tive system; h, heart; », nervous system; ¢r, tracheal 


system. (After Packard.) 


however, are not the 
same structure at all, 
but are modified out- 
pushings of the body- 
wall which have be- 
come expanded into 
thin membranous 
plates, stiffened with 
veins and ribs, mov- 
ably articulated to 
the body and en- 
dowed with muscles 
to sustain their owner 
in the air. Hence the 


wing of the insect is analogous to those of the bird and bat, but 


not their homologue at all. 


(See Fig. 18.) 


Fic. 19.—Vertebrate fore limbs (homologous). 
mander; B, Ichthyosaurus; C, Globicephalus, a dolphin; D, pterodactyl; E, bird; 


F, bat. 


(After Wilder.) 


A, Necturus, a primitive sala- 


This matter of homologies may be carried further, for not only 
do the fore limbs of forms so remote in habits and habitat as a 
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salamander, ichthyosaur, bird, and whale (see F ig. 19) agree in 
being the homologues of one another as a whole, but the individual 
bones and even the principal muscles of one limb are homologous 
with those of another. 

Classification, which, as has been said, should show true phyletic 
relationship, is based upon the resemblances and dissimilarities 
of homologous structures. 

Vestigial Organs.—Vestigial organs are such as are not fully 
developed, and are to be contrasted with rudimentary structures 
which are in process of evolutionary 
growth and thus are progressive, whereas 
the vestigial organs are retrogressive and 
are tending toward diminution and ulti- 
mate loss. Rudimentary horns are often 
observed on the head of fossil ungulates 
such as titanotheres and rhinoceroses, 
whereas the splints on either side of the 
cannon-bone of a horse’s foot are vestiges 
of formerly useful lateral toes. The ves- 
tigial organs are therefore of historical 
importance and would not exist, especi- 
ally where their old-time function has 
entirely ceased, were it not for heredity. ee 

Of such are the vestigial hind limbs Bane eae OL 

python. /, femur or thigh; 
seen in the python and other related 4, jlium or hip bone. (From 
snakes. Externally they are mere spurs sciiehin cotta ie ee 
on either side of the vent, internally they publishing Co) 
are seen to contain several of the bones 
normal to a fully formed limb, ilium, femur, tibia, and claw (see 
Fig. 20). Embryo whales often exhibit the full coat of hair of their 
ages-vanished forebears, and also, as Kukenthal has shown, the 
relics of hind limbs as well developed buds. At birth, however, 
the hair has been shed except for a few bristles about the lips and 
all external trace of hind legs has gone, there being only a few 
bones, as in the python, buried deep within the mass of the crea- 
ture’s flesh. 

Mankind, according to Wiedersheim, has no fewer than 180 
such relics, which will be discussed somewhat at length in Chapter 
XXXVII. ; 

Atrophy of Parts.—Atrophy of parts, which results in these 


8 


154 ORGANIC EVOLUTION 


vestiges, has been variously accounted for, the three or four prin- 
cipal theories being as follows: 

1. Panmixia (Gr. 7as, all, and miés, mixing) or cessation of 
selection, the organ being no longer held up to a high degree of 
efficiency. Organs once useful, from change of environment or of 
habits are no longer of value, so that natural selection ceases to 
act upon them, and animals born with the organ somewhat defec- 
tive or in a condition below the average would not necessarily be 
killed off in the intra-specific strife and would therefore be as likely 
to mate and keep on producing offspring as those with the organ 
of average or better than average development. This indiscrimi- 
nate breeding or panmixia would obviously lead to a loss of high 
condition on the part of the organ, but how far the latter would 
degenerate and whether cessation of selection would ever cause 
it to disappear entirely, as the limbs of most serpents have, is open 
to serious question. This leads us to the second possibility. 

2. Reversal of Selection.—Of this factor there can be little doubt, 
and it may well work in connection with panmixia, when a useless 
organ becomes a burden, to complete what the latter has begun. 
This theory postulates a change of condition or habit under which 
an organ previously beneficial may become actually detrimental 
to the animal. It differs from cessation of selection, which implies 
that the structure is no longer of selection value, hence its presence 
or absence is entirely immaterial. Here the absence of the organ 
is to be desired, therefore it is of negative selection importance 
and not merely an indifferent thing. A very graphic instance 
wherein reversal of selection has been operative is that of the wing- 
less beetles found on certain oceanic islands. The inference is that 
while in a wide environment wings are so distinctly advantageous 
that natural selection would tend to strengthen them toward 
greater and greater perfection, in a small islet they would become a 
distinct menace, often causing their unlucky possessors to be 
swept overboard and drowned, and though the laws of chance would 
operate as usual, nevertheless in the long run the individuals with 
the strongest powers of flight would be placed in the greatest jeop- 
ardy. Hence natural selection in opposition to its usual results 
would weed out what in most conditions would be the fitter, leav- 
ing the less fit to survive and reproduce their kind. It is not, there- 
fore, a reversal of the process of natural selection, but a reversal of 
its results due to diametrically opposed conditions. 
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3. Inheritance of the Results of Functional Disuse.—This was ap- 
parently the simplest and most logical way to account for the 
atrophy of parts in evolution until Weismann’s epoch-making 
work cast doubt upon it, for it is a well-known fact that, with the 
individual, use strengthens an organ while disuse causes it to weaken 
and partially atrophy. Witness the Hindoo fakirs who hope to 
acquire a state of singular holiness through the mortifying of the 
flesh. Some of them keep the arms raised permanently above the 
head, with a consequent shrinkage of muscle and stiffening of joint 
until the limb could not be used if they would. But as Weismann 
has shown, such modifications are those of the mortal somatoplasm 
and cannot, apparently, impress themselves upon the race. How 
then can this explanation account for the evolutionary atrophy of 
parts, unless, as Osborn has said, there is still some factor of hered- 
ity which we know not of? 

4. Orthogenetic variations, if such exist, may account for the 
atrophy of organs as readily as for their increase, and for those who 
believe in determinate variation, the continued tendency to diminu- 
tion, generation after generation, would suffice. If orthogenetic 
evolution has caused the continual strengthening and lengthening 
of the median toe of the ancestral horses, it can also account for 
the reciprocal shortening and weakening of the lateral ones until 
they ultimately disappear. 

Summary.—Thus cessation of selection might readily account 
for the initial reduction of an organ, but probably only to the 
condition of fluctuating around a mean, and would never cause 
its total atrophy. Reversal of selection under conditions where 
the organ is not only no longer useful but an actual menace would 
be a potent cause for its elimination. Inherited effects of disuse 
can not be proved nor are determinate variations generation after 
generation of unquestionable occurrence. Consider the way the 
splint bones of the modern horse vary in every conceivable direc- 
tion of change with no very marked tendency toward reduction 


since the Pleistocene. 


Characters Which Are Not Heritable 


Acquired Characteristics.—Long observation has shown that 
certain variations among animals are not heritable. These are: 
1. Acquired characteristics due to disease, mutilation, use or 
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disuse of parts, and changes due to the direct action of the environ- 
ment upon the organism, such as the loss of color on the part of 
forms living in the dark. This question will be discussed in detail 
in Chapter XI. 

2. Characters peculiar to sex, which are inherited, not by all, 
but by the appropriate sex. That is, the traits which are mani- 
fest, for in the case of the fatherless drone bee it will be remembered 
that as he inherited all of his traits, masculine and otherwise, from 
his mother, she must have borne all of the male characteristics 
within her but in latent condition. This is also shown by the fact 
that emasculated males are apt to show feminine traits, as with 
the domestic horse, wherein a gelding and a mare may make a very 
well matched pair, but not as a rule either a gelding and a stallion 
or the latter and a mare. It may well be, however, that it is not 
so much the feminine characters which the gelding shows as the 
lack of masculine which nevertheless are within the sum of its 
inheritance. 

3. Certain parental characters, apparently not inherited, really 
have been received but lie in latent condition, to reappear in some 
future generation, as in the case of Arion’s speed. 


Laws of Heredity 


Students of heredity have worked out a few definite laws of in- 
heritance with which, under certain conditions, organisms seem 
to conform. The principal ones are Galton’s law and that of Men- 
del. 

Galton’s Law.—Galton’s law of ancestral inheritance was based 
upon two main sources: the study of the carefully kept pedigree 
book of the kennels of the Basset Hounds Club, whose records ex- 
tended over a period of twenty-two years, and a study of inheritance 
in the British peerage, of which very complete genealogical records 
have been kept. Galton’s statement is that “any organism of 
bisexual parentage derives one half of its inherited qualities from 
its parents (one fourth from each parent), one fourth from its 
grandparents, one eighth from its great-grandparents, and so on. 
These successive fractions, whose numerators are one and whose 
denominators are the successive powers of two, added together 
equal one or the total inheritance of the organism, thus:— 

stetttatatort....=1” (Jordanand Kellogg). 
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This has been shown to be only a close approximation of the 
actual inheritance relations, but while receiving very general ac- 
ceptance among biologists until the rediscovery of Mendel’s law 
(see below), it is now thought to be too simple, and it is not known 
whether it is in agreement with Mendel’s formula or not. Another 
consideration is due to the fact that, as Brooks has shown, each 
person has two parents and four grandparents but beyond that 
the geometric progression may not hold, since even in a country 
like ours which draws its population from the four corners of the 
earth, each of the eight great-grandparents is not always a distinct 
person; for when parents are cousins, this number may be reduced 
to six, five, or even four instead of eight. In older, more settled 
communities where the people stay at home generation after genera- 
tion and marry neighbors, a person whose ancestors have trans- 
gressed none of our social laws may have a minimum ancestry of 
only four in each generation. The maximum and minimum fixed 
by our customs would be as follows for ten generations:— 

Stato +10 4,132 104’ -128 + 256 + 512 4+ 1024 = 2046 

Zeer tee eA ty 4 oh A A At 138 

Few persons who can trace their ancestry for ten generations 
with completeness are descended from 1,024 distinct persons in 
the tenth generation, and in old and settled communities of simple 
folk the number is much smaller. In the long run the number of 
ancestors in each generation is determined by the average sexual 
environment, and it must be a small and pretty constant number, a 
fact which apparently has not been fully recognized by most 
students of heredity (Brooks). 

Mendel’s Law.—That which we have come to call Mendelism 
was first discovered by an obscure Austrian monk, Gregor Johann 
Mendel, of Brinn, who was born in 1822 and died in 1884. Mendel 
wrote but little but wrote that little with admirable clarity of 
thought; nevertheless it was apparently beyond the understanding 
of the “wise men” of his day, among others the great German 
botanist, Kari Naegeli, whom Mendel strove particularly to im- 
press with his ideas. The reason was that Mendel was in advance 
of his time and the discovery of several biological principles then un- 
known, but now clearly understood, was necessary before a full 
understanding of his theories could be reached. Long after Men- 
del’s death, in 1900, his law was independently rediscovered simul- 
taneously by three men, De Vries, Correns, and Tschermak, and it 
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speaks highly for their chivalry that “honoring the all-but-forgotten 
monk, they called the new-found law Mendel’s, rather than their 
own” (Castle). Bateson discovered the application of the law to 
animals as well as plants. 

Mendel’s law was based upon a series of experiments carried 
on in the seclusion of the monastery garden upon pedigree cultures 
of peas (Pisum sativum) and other plants, and his results were pub- 
lished in 1865 in the Abhandlungen of the Natural History Society 
of Brinn. He found in the course of his experiments that the 
peas showed a number of pairs of contrasting characters, of which 
seven are recorded, one of each pair being dominant, the other re- 
cessive. These characters were: 

“7, Shape of ripe seed, whether round; or angular and wrinkled. 

“2. Color of ‘endosperm’ (cotyledons), whether some shade of 
yellow; or a more or less intense green. 

“3. Color of seed skin, whether various shades of gray and gray- 
brown; or white. 

“4. Shape of seed pod, whether simply inflated; or deeply con- 
stricted between the seeds. 

“s. Color of unripe pod, whether a shade of green; or a bright 
yellow. 

““6. Nature of inflorescence, whether the flowers are arranged 
along the axis of the plant; or are terminal and form a kind of 
umbel. 

“7. Length of stem, whether about six or seven feet long; or 
about three-fourths to one and one-half feet”’ (Jordan and Kellogg). 

The results of a large number of crosses showed but one only of 
each of these characters in the offspring in the first generation, 
proving that in each pair one character was dominant and the 
other recessive. By letting the cross-bred peas fertilize themselves, 
Mendel raised another generation in which the proportion of 
dominant to recessive characters was with very considerable 
regularity in the ratio of three to one. In other words, the propor- 
tion in the offspring of cross-breds was 75 per cent dominant and 
25 per cent recessive. These were again self-fertilized and the 
offspring of each separately sown, with the result that, whereas 
from recessives he obtained only recessives in any number of suc- 
ceeding generations, the offspring of the dominants were not at all 
alike, in that they gave, first, pure dominants which, like the 
recessives, produced pure dominants indefinitely and second, cross- 
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breds which while appearing dominant, nevertheless contained 
recessive characters and when self-fertilized produced once more 
dominants and recessives in the ratio of three to one. But of the 
apparent dominants one only was pure to every two which, al- 
though mixed, showed only the dominant trait. Therefore by self- 
fertilization the original cross-breds produce out of every hundred: 
Ze Wc souW Re S25 

Like the pure R’s, the pure D’s are thenceforth pure. 

The 50 DR’s again have mixed offspring: 

De DR aR =-appatently.3 D :1 R 

It was found that by working with combinations of two char- 
acters the results were the same although naturally more com- 
plicated. 

Mendel’s interpretation of his law is based upon the theory of 
the purity of the germ-cells and is as follows: 

In the young of the first generation after a cross mating but one 
of the contrasting characters will show in the body makeup, but 
when they form the germ-cells, the two parental characters will 
be present, but only one in any one germ-cell, therefore each pollen 
grain and each ovule-cell will carry but one of the contrasting 
characters. If this be true and if on the average the pollen and 
ovule cells were about equally divided as to the two characters, 
then by miscellaneous and random mating (mating according to 
the laws of probabilities) we should get 

25% pollen Dominants+25% ovule Dominants 
25% pollen Recessives +25% ovule Recessives 
50% of each kind with each other. 

Therefore out of every four crosses we should get 

x JBOSS OVO) Ge AR AT QIR an 7D SE rOR 1 PR+10D_ D:1R 
2 De Seo 25100 Mie See 

Thus the so-called Mendelian laws of heredity refer to two laws 
of inheritance: 

1. How inherited characters are actually distributed. 

2. The fundamental cause lying in the germ-plasm for this par- 
ticular kind of distribution. 

Since 1902 a great deal of experimentation has been carried on 
independently by many botanists and zodlogists, and the results 
are everywhere practically the same. Work has been done on 
rabbits, guinea-pigs, fowls, beetles, and silk-worms by Castle, 
Davenport, Bateson, Kellogg, and others, and, while certain in- 
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consistencies have been found which will limit the application of 
Mendel’s law, they do not lessen its apparent importance. 

Castle has experimented with guinea-pigs with some interesting 
results, the contrasting characters being white or black color, short 
or long hair, smooth or rough coat. In mating those of contrasting 
colors he finds that in the first generation all of the offspring appear 
black, which is the dominant color. When two of these are mated, 
their offspring, if four in number, will contain three black and one 
white individuals. The latter, mated with a white individual, 
will produce white forever. Of the black, but one is pure, the 
others having combined characters of which, however, only the 
dominant one is visible. The pure black mated with another pure 
black would have black offspring forever, while if the cross-breds 
were mated, their offspring would be in the ratio of three to one, 
and so on. 


Castle’s explanation follows: 

“When the egg of a black guinea-pig is fertilized with the sperm of a 
white one, or vice versa, protoplasmic constituents unite which in one 
case are able to produce a black coat, in the other a white one. These 
constituents, whatever they are, evidently separate from each other and 
pass into different cell products when the germ-cells of the cross-bred 
individual ripen. . . . Half the sperms, accordingly, of the cross-bred 
black individual bear black, half white, none both, and the same is true 
of the eggs. Experiment proves conclusively that this is so. Blackness 
and whiteness behave in crosses like indivisible units. They may be 
brought together repeatedly in crosses, but always separate again at the 
maturation of the gametes [conjugating bodies]. We call them wumnit- 
characters. Black is a positive unit (presence of black pigment), white 
its corresponding negative (absence of black pigment).”” With reference 
to the character of the coat, rough is a unit-character dominant over 
smooth, while short hair is dominant over long, the length of the hair 
being independent of its color or roughness, hence a short-haired colored 
animal mated with a long-haired white one produces only short-haired 
colored offspring, which, bred znter se, produce in the next generation 
young of four sorts: (1) long white, (2) short dark, (3) long dark, and 
(4) short white. 

‘ Recombinations in such ways can be accounted for if we suppose each 
different unit-character to have its basis in a different material body 
within the cell, perhaps in a different chromosome or part chromosome.” 


A diagram, which has been modified from Castle to illustrate 
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the Mendelian law as applied to the single unit-characters of black 
(8)and white (W), follows. 


Black Male White Female 


Black Black Black White 
pure mixed mixed pure 


_A further interesting experiment was the transplanting of the 
ovaries of a young black female into a white one. The latter was 
then bred to a white individual and whereas a normal white in- 
dividual can not have any black unit-characters in its germ-cells 
and therefore should produce only white indefinitely when mated 
with another white one, the offspring of this union were black, 
showing conclusively that the inheritance lies in the germ-cells, 
and that this somatic characteristic of the foster-mother in no 
way influenced the offspring, although all of its nourishment both 
in utero and later was derived from her body. 

Occasionally the dominant contrasting characteristic of the 
parents is not exhibited in all of the cross-mated young in the same 
degree, but a blending of dominant and recessive traits may occur. 
Thus among silk-worms, a cross of the Shanghai variety which has 
a white cocoon, and the Yellow Var with a rose-yellow one pro- 
duces a form whose cocoons are straw-yellow. Again the blend 
may be a chemical one, as in grapevines, of which the Aramon. 
coloring matter has the chemical formula C45 H36 O20; the Teinturier 
has the formula Cas H40 Ooo; and the Petit-Bouschet (hybrid) has 
the formula C4; H3s Ovo. 
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With peas, Mendel bred one 1 foot high with another 6 feet high, 
producing an hybrid with a height varying from 6 to 71% feet; 
while the crossing of the flower Mirabilis jalapa female (red) with 
the male (white) produced offspring with red, white, and red- 
white streaked flowers, the last being an instance of mosaic inheri- 
tance. In many instances exhibiting at first blended inheritance, 
the regular three to one splitting of dominant and recessive char- 
acters may occur in subsequent generations. 

Experiments carried on by Miss McCracken on little beetles 
have shown that the dominant unit-characters tend gradually to 
extinguish the recessive ones, so that while for three or four genera- 
tions the normal three to one ratio prevails, in the seventh genera- 
tion the proportion may run as high as twenty-eight to one. 

Another phenomenon is the decomposition of varietal characters, 
which may be interpreted to mean either that (1) the dominant 
and recessive features are not simple unit-characters but are in 
reality complex, the resultant of several combined characteristics, 
or that (2) ‘there exists a real instability in the parent type and 
that the stimulus or influence of the cross-mating is all that is 
needed to break down this weak apparent stability of the type 
and allow its component characters (the elementary units of De 
Vries) to recombine into various new and differing types.” This 
may be the cause of the extraordinary variation brought out by 
hybridizing (Jordan and Kellogg). Luther Burbank, whose breed- 
ing experiments with plants have produced such marvelous re- 
sults, depends very largely upon this as a basis for his intensive 
selection. 

Mendel’s law, therefore, while apparently a generalization of the 
greatest importance, does not apply universally to all cases of in- 
heritance. 


REFERENCES 


Brooks, W. K., The Foundations of Zodlogy, 1899. 

Castle, W. E., Davenport, C. E., et al., Heredity and Eugenics, 1912. 

Crampton, H. E., The Doctrine of Evolution, 1ort. 

Ewart, J. C., The Penycuik Experiments, 1899. 

Jordan, D.S., and Kellogg, V. L., Evolution and Animal Life, 1907. 

Kellogg, V. L., Darwinism To-day, 1908. 

Walter, H. E., Genetics, 1913. 

Weismann, A., The Germ-plasm, a Theory of Heredity (Trans. by W. N. 
Parker and Harriet Ronnfeldt), 1893. 


CHAP DE ROxL 
INHERITANCE OF ACQUIRED CHARACTERS 


Lamarck’s Laws.—Buffon, Eramus Darwin, and Lamarck, as 
we saw in the first chapter, all developed evolutionary theories 
which had one thing in common, the inheritance by offspring of 
the modifications impressed upon the parent during its lifetime. , ° 
Buffon believed that these modifications were the result of the 
direct action of environmental influences; Erasmus Darwin that 
they sprang from within through the reaction of the organism to 
outside conditions, applying his theory to both animals and plants; 
while Lamarck compromised, setting forth the view of Erasmus 
Darwin as applied to animals and the Buffonian factor with refer- 
ence to plants. Lamarck’s theory of evolution is best stated in an! 
English rendition of his own words (Osborn, 1905): 


“First law.—Life by its internal forces tends continually to increase 
the volume of every body that possesses it, as well as to increase the size 
of all the parts of the body up to a limit which it brings about. 

. “Second law.—The production of a new organ or part results from a 
new need or want, which continues to be felt, and from the new move- 
ment which this need initiates and causes to continue. (This is the 
psychical factor in his theory which Cope later has termed Archesthet- 
ism.) 

“Third law.—The development of organs and their force or power of 
action are always in direct relation to the employment of these organs. 
(At another point he expands this into two sub-laws: ‘In every animal 
which has not passed the term of its development, the more frequent and 
sustained employment of each organ strengthens little by little this organ, 
develops it, increases it in size, and gives it a power proportioned to 
the length of its employment; whereas the constant lack of use of the 
same organ insensibly weakens it, deteriorates it, progressively dimin- 
ishes its powers, and ends by causing it to disappear.’) This is now known 
as the law of use and disuse, or kinetogenesis [see Chapter XII]. 

“ Fourth law.—All that has been acquired or altered in the organization 
of individuals during their life is preserved by generation, and trans- 
mitted to. new individuals which proceed from those which have under- 
gone these changes.” (This law is now known as the inheritance of 
acquired characters, or better, to revive Lamarck’s original idea expressed 
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in the word changements, we should call it the theory of inheritance of 
acquired changes or variations.) 

These laws are thus summarized by Lamarck in his Philosophie Zoolo- 
gique: 

“But great changes in environment bring about changes in the habits 
of animals. Changes in their wants necessarily bring about parallel 
changes in their habits. If new wants become constant or very lasting, 
they form new habits, the new habits involve the use of new parts, or 
a different use of old parts, which results finally in the production of 
new organs and the modification of old ones. . . . Circumstances in- 
fluence the forms of animals. But I must not be taken too literally, 
for environment can effect no direct changes whatever upon the organiza- 
tion of animals.” 


Neo-Lamarckian School.—Lamarck’s second and third laws 
especially have a great deal of truth in them, but the crucial point 
in their acceptance as evolutionary factors is the truth or falsity 
of his last premise and herein lies the apparent impediment to the 
acceptance of his teaching, for the whole fabric of his theory de- 
pends upon it, and as we have seen, the Weismann law of heredity 
seems to controvert it beyond question. Nevertheless there has 
sprung up in recent years a group of writers who are in a measure 
the followers of Lamarck and to whom the name Neo-Lamarckian, 
as opposed to the Neo-Darwinian school (followers of Charles 
Darwin, championed by Weismann), has been given. Among 
the adherents to the former may be found many pathologists 
(students of morbid anatomy), whose researches show the wonder- 
ful plasticity of the individual body, and the paleontologists, who 
see continually before them evidences of adaptation which seem 
to imply the action of mechanical forces (kinetogenesis) in their 
production, but not all pathologists or paleontologists believe in 
the inheritance of acquired characters. 

Among the better known followers of this school may be men- 
tioned Herbert Spencer, the German savants Eimer and Haeckel, 
the botanist Naegeli, the American paleontologists Cope, Hyatt, 
and Dall, the zodlogist Packard, and the student of recent verte- 
brates Gadow, many of whom, however, did their work before 
Weismann’s objection was published. What the effect of the 
latter upon their beliefs would have been, one can not say, but it 
would doubtless have been weighed very heavily by most of them. 

Weismann’s theory of heredity admitted the possibility of the 
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inheritance of acquired characters among the Protozoa, lower 
Metazoa and lower plants, but not among the higher plants and 
animals; as Osborn (1891) says, however, it is difficult to see why 
so valuable an asset as the ability to inherit such characteristics 
and thus to profit by the failures and successes of past generations 
should ever have been lost through natural selection. ' 
Weismann later admitted, and the view has wide acceptance, 
that the germ-plasm might become modified to a limited extent 
by certain environmental conditions, but that such modifications 
led to general and unpredictable changes in future generations 
which might be entirely different from those somatic changes in 
the parents which were directly produced by such environment 
(Conklin). | 


Acquired Characters 
Acquired characters are of such interest that it is well to enu- 


merate the various sorts in some detail.. In the flounders and soles 
(Heterosomata) the body is greatly compressed from side to side 


Fic. 21.—Metamorphosis of a flounder, Platophrys pedas. The eyes of the 
young flounder (A), which are one on either side of the head, come to lie to- 
gether on the upper, in this instance the left, side. (After Emery, from Jordan 
and Kellogg’s Evolution and Animal Life [D. Appleton and Co.]) 


and the form both swims and lies flat on the bottom with one side 
invariably uppermost—with some species it is the right, with 
others the left. The uppermost side is usually colored protec- 
tively to harmonize with the sandy bottom on which the animal 
lies, while the other side is generally white due to absence of pig- 
ment. But the most peculiar feature is that both of the eyes lie 
on the pigmented side, due to a twisting of the cranium and a 
modification of certain of its bones. When the young flounder is 
hatched, it is translucent and symmetrical, swimming vertically in 
the water with an eye on either side of the head like any other 
fish. Later it begins to rest on the bottorn upon its ventral edge. 
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Then it leans to one side, and as its position gradually becomes 
horizontal, the eye on the lower side migrates around to the other, 
carrying with it certain of the bones. There is also a gradual as- 
sumption of color on the upper surface as the habit of lying on one 
side is acquired. Placing the creature in an aquarium lighted from 
below causes the development of the pigment on the lower side as 
well as the upper, showing a light stimulus to be necessary, while 
holding the young animal permanently in the upright position 
retards indefinitely the movement of the eye. with the ultimate 
limit that death soon intervenes. 

Cunningham among others has claimed “that the twisting of 
the head in the flounder is due to the inheritance of an acquired 
character. A flat fish without air bladder, resting on the sea bot- 
tom, naturally falls on one side. The eye thrust into the sand is 
naturally twisted around to the upper side, and this tendency begun 
in very young individuals becomes hereditary, while the lack of 
pigment on the under side is also transmitted by inheritance. But 
it is just as easy to claim that the first trait of adaptation is due to 
natural selection, and that the whiteness of the blind side is onto- 
genetic due to the absence of light in the growth of the individual. 
In any case, no specific theory of the origin of the twist of the 
flounder’s head can be regarded as proved ” (Jordan and Kellogg). 


“On the other hand, Cunningham put the very young fish, while 
still bilaterally symmetrical (in which stage the pigment is equally 
developed on both sides of the body), into aquaria lighted from below. 
He found that when the young fish begins to undergo its metamorphosis, 
the pigment gradually disappears on one side, as it would have done 
under normal conditions, z. e., when they are lighted from above. If, 
however, the fish are kept for a short time longer, lighted from below, 
the pigment begins to come back again. ‘The first fact,’ says Cunning- 
ham, ‘proves that the disappearance of the pigment-cells from the lower 
side in the metamorphosis is a hereditary character, and not a change 
produced in each individual by the withdrawal of the lower side from 
the action of the light. On the other hand, the experiments show that 
the absence of pigment-cells from the lower side throughout life is due 
to the fact that light does not act upon that side, for, when it is allowed 
to act, pigment-cells appear. It seems to me that the only reasonable 
conclusion from these facts is that the disappearance of the pigment- 
cells was originally due to the absence of light, and that the change has 
now become hereditary. The pigment-cells produced by the action of 
light on the lower side are in all respects similar to those normally present 
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on the upper side of the fish. If the disappearance of the pigment-cells 
was due entirely to the variation of the germ-plasm, no external influences 
could cause them to reappear; and if there were no hereditary tendency, 
the coloration of the lower side of the flatfish would be rapid and com- 
plete’” (Kellogg). 


Restriction of Food.—Food supply profoundly affects the ulti- 
mate growth of an animal. A number of house-flies of the same 
species will be seen to differ materially in size around a certain 
average. This does not mean that the smaller ones are younger 
than the larger, for an adult insect when once it has attained the 
power of flight has ceased to grow. What it does mean is that the 
small fly, unless it belong to a different variety, was unable to secure 
sufficient food during its period of larval life, resulting in a perma- 
nent dwarfing of the individual. Nothing is recorded, however, 
of any permanent effect of such dwarfing upon the race, while silk- 
worms, if meagerly fed for one generation, fail to attain the full 
optimum of size as adults for three generations, even though the 
larvee are amply fed. With the succeeding generations, however, 
the moths become larger and soon attain their normal size. 

‘Permanent dwarfing is known to occur, as in the case of the 
dogs owned by the Indians around the Hudson Bay trading posts, 
which have been in their possession about thirty years and are 
now much smaller than better fed dogs belonging to the same 
original stock, but owned by the white men of the posts. Other 
instances of permanent dwarfing are seen in the Shetland ponies, 
of which the average height is about 1o hands, though many do 
not exceed 9 hands. Whence the ancestral stock of these ponies 
reached the Shetlands is unknown, some writers suggesting a 
Scandinavian, others a Scottish origin, but some of them are cart- 
horse-like in build, others more slender and Arab-like. Whatever 
their origin, they are unquestionably derived from a much larger 
stock, and the diminution of size is apparently a direct response to 
circumscribed surroundings together with hard conditions and 
meager fare. 

In the islands of Malta and Cyprus have been found dwarf 
races of elephants, the adult individuals ranging in height from 
3 to 7 feet, relics of the old armies of migration when these Mediter- 
ranean islands were part of a broad highway of communication 
between Africa and Europe. And here again the same causes 
which have dwarfed the Shetland ponies seem to have had their 
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influence, for the small size and innumerable variations of these 
elephants are ascribed to the struggle for existence that such a 
reduced and unfavorable feeding ground would entail. These 
dwarf elephants are now entirely extinct, but seem to have been 
of the same stock as the African elephants of to-day, which in the 
fullness of their growth possess a stature second to no living ter- 
restrial form. 

The effect of these restrictions of food is in the nature of trans- 
mission of the maternal condition rather than true heredity, and 
doubtless for many generations the dwarfing was simply the result 
of ontogenetic repetition and meant nothing more; ultimately, how- 
ever, the repeated starving seems to have made itself felt in hered- 
ity, with the result of a permanently dwarfed race (see, however, 
page 167). 

Mutilations have been one of the principal lines of research of 
those who would prove the inheritanceor non-inheritanceof acquired 
characters. Even when practiced for many generations or even 
for thousands of years (circumcision in man) these apparently 
fail to influence the unmutilated progeny in the slightest degree. 
Weismann, for instance, experimented on white mice, producing 
no fewer than gor young from five successive generations of arti- 
ficially mutilated parents, and yet there was not a single example 
of a rudimentary tail or any other abnormality in this organ. 

Hence we may safely say that variations due to mutilation and 
to disease are apparently not inherited, otherwise in all probability 
none of us would exist without some trace of hereditary crippling. 
Of the effect of climate, on the other hand, we are not so sure, for 
while again many of the observed changes which an animal under- 
goes as a result of the influence of cold or heat or humidity or 
dryness may be of an ontogenetic nature, nevertheless, some re- 
markable experiments upon toads and salamanders tend to prove 
certain of them otherwise. 

Kammerer’s Experiments.—A Viennese experimentalist, Kam- 
merer, exposed larvee of the toad Alytes to abnormal physical con- 
ditions such as darkness, cold, and perfectly still water, and thus 
managed to prolong the larval condition even to the time of sexual 
maturity, and this extension of the adolescent time was inherited 
by offspring when placed under normal environmental conditions. 
He also changed the peculiar instinct of caring for the young and 
produced a type of “land larvee,” the characteristics of which were 
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in part inherited, as the offspring of their maturity lived on land 
longer than their parents could have done, without showing any 
ill effects. 

Experiments were also tried on the spotted salamander, Sala- 
mandra maculosa, to test the inheritance of acquired color due to 
change of background, with affirmative results that showed, ac- 
cording to the experimenter, the progressive effect of environment 
in the inheritance of acquired colors. This and other experimental 
work have given rise to a renewal of interest in the Lamarckian 
factor, but the final answer to the question of its truth or fallacy 
can not be given until a large body of attested facts shall have 

' been accumulated and weighed. 

Cave-dwelling Animals.—The strange modifications of cave- 
dwelling animals, which will be discussed in detail in Chapter 
XXIII, are the direct result, first, of lack of light in the loss of 
pigment and of organs of vision, and, second, of scarcity of food 
which gives rise to depauperated bodies and attenuated limbs. 
Certain organs, such as tactile or gustatory structures, have hyper- 
trophied as those of sight have diminished, and while natural selec- 
tion may be invoked to account for these well-developed structures, 
it can not account for the atrophy of the others nor for the depau- 
peration. Amphimixis (see page 138) might permit these changes, 
but is of questionable value as a cause. Both of the principal 
American students of cave faunas, Packard and Eigenmann, feel 
the necessity of some other factor than the Darwinian, and Packard 
has expressed himself as follows with regard to the causes of pro- 
duction of cave faune: 

rt. ‘Change in environment from light, even partial, to twilight 
or total darkness, and involving diminution of food, and compensa- 
tion for the loss of certain organs by the hypertrophy of others. 

2. “Disuse of certain organs. 

3. “Adaptation, enabling the more plastic forms to survive and 
perpetuate their stock. 

4. “Isolation, preventing intercrossing with out-of-door forms, 
thus insuring the permanency of the new varieties, species, or 
genera. 

s. “Heredity, operating to secure for the future the permanence 
of the newly originated forms as long as the physical conditions 


remain the same. 
“Natural selection, perhaps, expresses the total result of the 
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working of these five factors, rather than being an efficient cause 
in itself; or at least constitutes the last term in a series of causes. 
Hence Lamarckianism in a modern form, or, as we have termed it, 
Neo-Lamarckianism, seems to us to be nearer the truth than 
Darwinism proper or natural selection.” : 

Inheritance of Instinct.—Instinct has been defined as “the 
natural unreasoning impulse by which an animal is guided to the 
performance of any action, without thought of improyement in 
the method” (Webster). It usually implies an action based upon 
inherited knowledge, but, judging from experimentation upon 
living animals, that knowledge is the result of trial and error upon 
the part of an individual which ultimately becomes part of the 
heritage of the race. 

Birds are particularly interesting in this regard, for they possess 
so many instinctive traits, not only of food-getting and defense, 
but nest-building, migration, learning to fly in the mode character- 
istic of the species, and song. Many of these things have been 
attributed to actual instruction on the part of the parents or, in 
the case of the nest-building, to a recollection of the natal structure, 
but Mr. C. William Beebe, Curator of Birds in the New York 
Zoological Park, tried the interesting experiment of raising a 
number of wild birds from incubated eggs. These, while never 
having had parental care or example, nevertheless manifested in 
each instance all of the instinctive actions of their race, although, as 
Beebe says, they were in some cases slower than they should have 
been about learning to fly, the maternal insistence being an aid in 
overcoming a very natural timidity on the part of the fledgelings. 

So many of the curious manners and customs of domestic dogs, 
such as turning around three times to stamp out a lair, are doubt- 
less relics of formerly valuable instinct, of little present worth to 
the house-dwelling associate of mankind, but perpetuated by 
heredity. 

The result of similar life conditions, as has been said, gives rise 
to convergent adaptations of color, fur, form, and so on, which 
stamp the animals of a given type of habitat with a common re- 
semblance. Instances are the thick fur of arctic creatures and what 
are known as the standard faunal colors (Chapter XV) such as 
the uniform grays and duns of desert animals, the white of arctic 
forms, or the spots of forest creatures, and the colors distinctive 
of the inhabitants of the sea. 
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Deep-sea fishes, with their almost uniform black or gray colors 
and their attenuated body and slender tail, are highly characteris- 
tic, just as are the pale, emaciated dwellers in the perpetual dark- 
ness of the caves, and although they may be derived from several 
distinct families of fishes and salamanders, all are stamped with 
the hall-mark of their discouraging environment. 

Ontogenetic Variations.—It is often a matter of great difficulty 
to determine whether characteristics shown by an animal are those 
of the race (phylogenetic) or those of the individual (ontogenetic), 
even though observed in a number of successive generations where 
the life conditions remain the same. An interesting example is 
the brine-shrimp (Artemia salina) which has a widespread dis- 
tribution from Great Salt Lake, Utah, to Central Asia. This 
creature is remarkable in several ways, as it can live in a 27 per 
cent brine solution on the one hand or in fresh water on the other. 
In some places the colonies seem to be altogether female, and 
parthenogenesis is the rule, the eggs developing without being 
fertilized. In other localities males are common and reproduction 
is biparental. Sometimes the brine-shrimp is viviparous, the eggs 
hatching within the brood-sac of the mother, and again it is variable 
in its form, especially as regards the end-lobes of the tail and the 
bristles they bear: all of which features seem to be correlated with 
the chemical diversity of the various habitats within which it is 
found (Thomson). The eggs can survive being dried and may 
be blown about by the wind or carried by the feet of birds from 
one salt pond to another. They have also been bred from an 
English commercial product known as “Tidman’s Sea Salt,” of 
which a solution was allowed to stand for several days. A fresh- 
water ally, Branchipus, is said to be merely another phase of 
Artemia, the distinctions, as in most of the peculiarities of the 
latter genus which have been described, being largely due to the 
degree of salinity of the medium. If this be true, most of these 
variations are ontogenetic, as the transference of eggs to other 
conditions than those under which the parents lived would at 
once give rise to a variant from the parental type. 

Experiments by Loeb upon the unfertilized eggs of sea-urchins 
have shown that artificial parthenogenesis can be caused to occur 
by chemical stimulus, either by adding or suppressing certain salts 
in normal sea-water, which is suggestive of the parthenogenetic 
conditions of certain colonies of Artemia mentioned above. Owing 
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to the brine-shrimp’s method of dispersal and the fact that salt 
ponds are often isolated and of various degrees of salinity, the 
change of habitat 
is apt tobe an 
abrupt one which 
renders individual 
adaptability a 
highly necessary 
asset. ; 

The little fishes 
known as stickle- 
backs (Gasteros- 
teus cataphractus, 
Fig. 22), which - 
have such curious 
nest-building hab- 
its, also show an 
ontogenetic varia- 
tion dependent 
upon the chemical 
content of the 
water. Those liv- 
ing in salt water 
have from twenty 
to thirty bony 
plates along the 
back, in brackish 
water these are 
reduced to from 
fifteen to three, 


; } while in fresh 
: Fic. Be UNS OIE fishes, Gass Gs cataphractus, show- water there are 
ing ontogenetic variation of plates and spines as a response to 
varying salt content of the water. Uppermost figure collected hone at all. 
in salt water, the next in brackish water, the third at a river As we have 
mouth, and the fourth in fresh water. (From Jordan and Ta ft 
Kellogg’s Evolution and Animal Life [D. Appleton and Co]) S€&M, 1 1S often 

difficult to say 


whether the adaptive characters which are so often taken as criteria 
of species are racial or individual; if the latter, even though we may 
not know it, the form is an ontogenetic and not a genuine species, 
and it is highly probable that many of the observed instances of 
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what was taken to be inheritance of acquired characters are not 
such in the true sense of the word but are simply due. to the 
repetition of cause and effect in each individual generation. 
There is apparently an heredity control, however, for the adapta- 
tion to a change of habitat is not at random but always according 
to a definite plan, and gives rise to a predictable result. 


Summary 


To summarize what has been said: Lamarckism, even if true, 
would be incomplete in itself as an all-embracing cause of evolu- 
tion, for as Plate shows (in Kellogg), while there are certain char- 
acters which it could well explain, there are others which it could 
not. 

“Lamarckism could explain 

“(1) Many indifferent characters: example, changes of tempera; 
ture produce proportional changes in the color-pattern of butter- 
flies’ wings; 

“(2) Many simple adaptations of active organs: example, a 
muscle becomes stronger through use and creates a crest on a 
bone through pulls; 

“(3) Some simple adaptations of passive organs (so-called 
direct adaptations): example, in the whales, the water might di- 
rectly affect the skin and sub-cutaneous tissue and thus produce 
the loss of hair and the layer of fat. 

“Lamarckism could not explain 

“(t) Many characters of active adaptation, even though of 
simple kind: example, the penetrating of the lung-sacs of birds 
through hair-fine holes into all the bones; 

“(2) Many complicated adaptations of active organs: examples, 
light-making organs, eyes, smelling-organs, auditory organs; 

“(2) All complicated passive adaptations: example, mimicry.” 

Kellogg sums up the present status of the problem as follows: 

Lamarckism, therefore, is certainly not all-sufficient to ac- 
count for the origin of new species, even if it were proved to be 
true; nor for that matter is natural selection. The latter seems, 
however, to be a factor of prime importance, as there is no impedi- 
ment to prevent its impression upon the race as well as upon the 
individual. That acquired characters influence more or less pro- 
foundly the development of every being is certainly true, and in 
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many instances repetition of acquired effects, generation after 
generation, gives rise to ontogenetic species which may indeed simu- 
late the phylogenetic. For these characters to become racial, 
however, implies an inheritance the means whereof we know not, 
since Weismann’s brilliant but disquieting law of heredity was 
postulated. Until the universal application of this law shall have 
been refuted or a new mechanism of inheritance discovered, the 
Lamarckian factor as a means of evolution must be considered as 
unproved. One can not heip feeling, however, that after a great 
many repetitions an ontogenetic adaptation may finally impress 
itself upon the race, although the means whereby this may be 
accomplished is unknown to us. But this implies an added incre- 
ment, however small, to each generation, for zero carried to infinity 
is zero still. 


REFERENCES 


Conklin, E. G., August Weismann, Science, new series, Vol. XLI, ro15, 
PP. 917-923. 

Griggs, L., The Inheritance of Acquired Characters, Popular Science 
Monthly, Vol. LX XXII, 1913, pp. 46-52. 

Jordan, D. S., and Kellogg, V. L., Evolution and Animal Life, 1907. 

Kellogg, V. L., Darwinism To-day, 1908. 

Osborn, H. F., Are Acquired Variations Inherited? American Naturalist, 
Vol. XXV, 1891, pp. 191-216. 

Osborn, H. F., The Difficulties in the Heredity Theory, Ibid., Vol. XX VI, 
1892, Pp. 537-567. 

Osborn, H. F., From the Greeks to Darwin, 1905. 

Packard, A. S., The Cave Fauna of North America, Memoirs of the Na- 
tional Academy of Sciences, Vol. IV, Part 1, 1888, pp. 3-156. 

Thomson, J. A., The Wonder of Life, 1914. 


CHAPTER XII 
ORTHOGENESIS AND KINETOGENESIS 


Of the various hypotheses to account for the origin of species 
which are opposed or supplemental to the Darwinian factor of 
natural selection, two stand out sharply as possibly of great im- 
portance, if their truth can be finally proved. The host of facts 
which can be offered in favor of each is to a certain extent appar- 
ently nullified by other well attested truths. So the matter stands 
sub judice, the final proof resting upon impartially conducted ex- 
periments and observations extending through years to come. Of 
these hypotheses that of orthogenesis stands first, although, as we 
shall see, all theories to account for the phenomena included within 
its scope are not in accord. 


ORTHOGENESIS 


Orthogenesis (Gr. op@0s, straight, and yéveous, production) is 
the theory that variations and hence evolutionary change occur 
along certain definite lines impelled by laws of which we know not 
the cause. This theory has arisen mainly from the difficulty of 
explaining the beginnings of advantageous modifications or of 
new organs by the selection of individual variations occurring in 
every direction of change. It is evident that unless a structure ap- 
peared at once in a degree of development to give it a “selection 
value,” it would be difficult to account for its beginning, but the 
very teaching of the Neo-Darwinians postulates the selection of 
minute Darwinian variations and not such saltations as the idea 
just advanced would imply. Then there are also recorded ap- 
parent instances of the existence of determinate variation, such as 
those along fixed and apparently not advantageous lines, and the 
definite cases of over-development of parts beyond the point of 
advantage even to such unfavorable degrees as lead to individual 
death and extinction. Paleontology reveals to us repeated in- 
stances of the development of characters which lead on to extinc- 
tion, so that when such features as huge, unwieldy size, as in the 
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sauropod dinosaurs, the growth of excrescences as those of the 
armored and horned dinosaurs and, later in time, of the Irish stag, 
the uncoiling of the shell-bearing cephalopods (ammonites and 
nautiloids), the fixation of the crinoids—all of which are examples 
of development along disadvantageous lines or to disadvantageous 
degrees—are observed in a race, the wholesale thinning of the 
ranks, if not racial death, may be confidently predicted. But 
natural selection postulates racial improvement, and the develop- 
ment of advantageous, not disadvantageous structures, hence the 
theory of orthogenesis has been RADE to account for the latter 
as well as the former. 

Orthogenesis Contrasted with Ortho-selection.—At first sight 
the advocates of orthogenetic development seem to be making a dis- 
tinction wherein there is no real difference between it and descent 
governed by selection, for it is evident that selection also produces 
orthogenetic evolution, that is, evolution along certain definite 
lines; in fact, it can produce no other kind of evolution. Where 
such is the result of the selection eliminating through the rigor of 
selective struggle all other lines of variation, the result may be 
called ortho-selection, whereas in true orthogenesis the lines of varia- 
tion, and hence the lines of modification, are predetermined. It 
is at once apparent, however, to any natural selectionist that sooner 
or later selection will determine the fate of these lines of develop- 
ment. But it is precisely in the making of a start in modification 
that orthogenesis fills an imperative want, and if capable of proof, 
should be gladly received by the Darwinians as an important 
auxiliary theory in the explanation of modification, species-forming, 
and descent (Kellogg). 


Résumé of Evidence for Orthogenesis 


Plate’s résumé of the facts or phenomena which may be looked 
on as positive evidence for orthogenesis (although Plate cautiously 
notes that some of these may be only phenomena of ortho-selection) 
has thus been rendered in abstract by Kellogg: There are six 
categories: 

1. Parallelisms in Variation.—Analogous or parallel variations 
have been recognized ever since Darwin’s time, he having recorded 
many examples of them. They are variations of undoubtedly 
similar character, which often appear in different branches of the 
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same large group. Comparative anatomy has revealed many 
examples to show that modifications in a definite or determinate 


direction may be seen in all the 
sub-groups of a large family, al- 
though appearing in varying de- 
gree in different species. Ex- 
amples are the total reduction of 
the hind toes among the artio- 
dactyls which has continued in 
several genera, such as the giraffe, 
camel, and prong-buck (Antilo- 
capra). A still more remarkable 
instance would be the parallelism 
which existed between the pseudo- 
horses of South America and the 
true horses of the northern hemi- 
sphere, both lines showing a three- 
and finally a one-toed condition 
owing to the progressive shorten- 
ing of the lateral digits and pro- 
portional strengthening of the 
middle one (see Fig. 23). In this 
case the relationship is quite re- 
mote, although both races belong 
to the ungulate group. 

2. Over-specializations, the 
numerous ‘‘excessive structures” 
which are developed far beyond 
the limits of usefulness. Such, for 
example, are the tusks of the wild 
hog (Babirussa alfurus), the huge 
horns of the ‘“‘big horn” sheep, or 
the enormously elongated and 
slender neck of several weevil- or 
snout-beetles like A poderus tenuis- 
simus. One of the dolphins, Me- 
soplodon, has a mouth which can 
be opened but a little way when 


Fic. 23.—Hind feet of pseudo-horses. 
A, three-toed Diadiaphorus, Miocene of 
South America; B, one-toed Thoathe- 
rium, Miocene of South America. One 
half natural size. (After Matthew.) 


the animal is full grown, because a lower tooth grows around the 
upper jaw on either side. Such excessive structures, which have 
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probably contributed to the extinction of many former species, in- 
clude among others the tusks of the Columbian mammoth and the 
antlers of the Irish deer. 

3. Constitutional Limitations on Variation.—‘The constitu- 
tion, or actual chemical composition of the body, permits, in many 
cases, changes only in a few directions.” The breeder of animals 
or plants may not always produce any desired form or color. “No 
one has yet succeeded in producing a blue Maiblume, a grass with 
divided leaves, a hen with a parrot’s beak.”? And we can be con- 
fident that a notochord can never appear in a beetle. The fact 
that an animal belongs to a group renders the possibilities of varia- 
tion distinctly, sometimes very narrowly limited. “Plate does 
not mention in this connection the fact that some biologists have 
seen in this restriction of the range of variation which inevitably 
accompanies specialization in the development of animal groups an 
important factor in the determination of lines of descent. Cope 
gave much importance to this factor, and very recently Rosa. . . 
attributes to this ‘progressive reduction of variability’ a large im- 
portance in the dying out of old species and the origin of new ones. 

4. “By the correlations which bind each organ to others the 
range of variation is also restricted.” 

5. Facts from Paleontology Supporting Orthogenesis.—Many 
facts of Paleontology seem to prove the existence of orthogenetic 
evolution. Wherever sufficient material permits the working out 
of a phyletic series, we always see a comparatively limited num- 
ber of lines of development, which, except for occasional lateral 
branches, run essentially in straight lines, in gradational steps. 
Such for example are seen in the fossil horses (Chapter XX XV). 

6. “The phyletic series . . . of recent species also show, where 
we are able to trace them, distinctive single lines of development”’ 
(Kellogg). 

Osborn’s Rectigradations.—The paleontologist Osborn is 
(1910) also an advocate of orthogenetic evolution, for in discussing 
the origin of new characters he says: “First, that such origins are 
adaptive in direction from the beginning. The cusps of the teeth 
of mammals offer a peculiarly advantageous field of observation 
because they are born complete, and unlike most other organs of 
the body, they do not depend upon ontogeny (7. e., usage) for their 
original perfection of form; in fact, ontogeny and environment 
destroy rather than perfect them. In seventeen orders of mam- 
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mals, in thousands of species, and in millions of individuals, a very 
limited number of similar cusps arise in the teeth; the number is 
eleven in all. So far as observed: (1) they rise independently, 
(2) they rise gradually, (3) they rise adaptively; hence I have 
termed them ‘rectigradations,’ 7. e., rising continuously, ortho- 
genetically [italics mine], in definite or straight lines, and finally 
reaching a condition in which they may be considered adaptive. 
This phenomenon I first observed in the teeth and later in the 
origin of horns. 

“Second: That. such origins are predetermined by hereditary 
kinship. This statement, or rather hypothesis, is supported by 
observations of two kinds. Without interbreeding, animals of 
similar kinship, near or remote, in different parts of the world 
originate independently similar characters. For example, the 
Eocene Equidz evolved the same cusps in the grinding teeth simul- 
taneously in Switzerland and in the American Rocky Mountain 
region. 

“Third: That such predetermination is due to a similarity of 
hereditary potential. That is to say that animals of similar kin- 
ship do not continuously evolve in certain directions, but merely 
transmit a similar potentiality in the origin of new characters. This 
both renders possible the occurrence of certain characters and condi- 
tions and limits these characters when they do occur. For example, 
in a certain series of extinct mammals we can predict where a new 
cusp will arise before its actual occurrence.” 


KINETOGENESIS 


Cope’s theory of kinetogenesis or ‘mechanical genesis”’ has been 
accepted so widely, especially by paleontologists and pathologists, 
that it should be studied in some detail, with the vital objections 
thereunto. 

The word kinetogenesis (Gr. kwntés, movable, and yéveoss, 
production) is thus defined: “The doctrine or hypothesis that 
animal structures have been produced directly or indirectly, by 
animal movements.’ Cope’s arguments, especially as applied to 
the vertebrates, are based upon the following: The vertebrates 
present two distinct advantages. First, we have a more complete 
paleontologic series. Second, we have the best opportunity for 
observation and experiment on their growth processes, since we 
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ourselves and our companions of the domesticated animals belong 
to this branch of the animal kingdom. 


Mechanics of the Vertebrate Skeleton 


Abnormal Articulations.—Many of the data for experimental 
work are found in the records of surgery, and from this source 
inferences have been drawn as to the construction of normal ar- 
ticulations. Experiments have shown that in the case of un- 
reduced dislocations or permanently bent joints certain pre- 
dictable changes will always occur. That portion of the articular 
cartilage which fails to meet its fellow either throughout because 
of a limitation of its movement, or through dislocation so that it 
only comes in contact with the soft parts, is permanently destroyed 
and, under certain conditions, a new articulation may be formed 
where a permanent displacement of the joint has occurred. 

The great plasticity of bone was the basis for the wonderful 
bloodless operation for the reduction of congenital hip dislocation 
invented by the famous Viennese surgeon, Doctor Lorenz, and 
demonstrated in America some years ago. In this operation, the 
dislocated thigh-bone itself was made the instrument, pulled from 
the abnormal socket which had been formed, and the head, being 
placed in the partially occluded normal socket, was forcibly ground 
into it. This always results in the destruction of bony tissue in 
the motionless bone. The femur was then bound firmly in place 
until through the resorption of unnecessary material and the 
rebuilding of bone where it was needed, the socket was restored to 
its original form, and then induced movement and massaging com- 
pleted the cure. The operation was successful in a high percentage 
of cases where performed upon children of tender years. 

Even the pressure of soft parts can cause the absorption of bone, 
as shown by the interior cavity of the skull, which in many in- 
stances retains a faithful impression, not only of the general pro- 
portions of the brain, but even of its convolutions and of the blood- 
vessels in its membranous coverings. 

Normal Articulations.—Cope uses for illustration particularly 
the strong complex ankle-joint of the ruminating animals (ox, 
deer, camel, etc.) and the horse, in which the motion, while wide 
in its fore-and-aft range, is restricted to one plane of space, result- 
ing in a treble tongue-and-groove joint which resists dislocation 
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although it may be broken by force (see Fig. 53). The articula- 
tion lies between the upper bone of the ankle, the astragalus, and 
the shin-bone or tibia,,the former, which is convex antero-pos- 
teriorly, having two keels which fit into corresponding grooves in 
the concave end of the latter. The lower end of the tibia possesses 
a single keel which corresponds to a groove between the two as- 
tragalar keels. The formation of this joint has been thus ex- 
plained: ; 


“Tn all bones the external walls are composed of dense material, while 
the centers are spongy and comparatively soft. The first bone of the 
foot (astragalus) is narrower, from side to side, than the tibia which rests 
upon it (see Fig. 53). Hence the edges of the dense side-walls of the 
astragalus fall within the edges of the dense side-walls of the tibia, and 
they have pressed intc the more yielding material that forms the end of 
the bone, and causing bone absorption, pushed it upward, thus allowing 
the side-walls of the tibia to embrace the side-walls of the astragalus. . . . 

“The same active cause that produced the two grooves of the lower end 
of the leg produced the groove of the middle of the upper end of the 
astragalus. Here we have the yielding lower end of the tibia resting on 
the equally spongy material of the middle of the astragalus. There is 
here no question of the hard material cutting into soft, but simply the 
result of continuous concussion. The consequence of concussion would 
be to cause the yielding faces of the bones to bend downward in the direc- 
tion of gravity, or to remain in their primitive position while the edges 
of the astragalus were pushed into the tibia. If they were flat at first they 
would begin to hollow downward, and a tongue above and a groove be- 


low would be the result. . . . This inclusion of the astragalus in the 
tibia does not occur in the reptiles, but appears first in the Mammalia, 
which descended from them. . . . Every line of Mammalia commenced 


with types with an astragalus which is flat in the transverse direction, 
or without median groove. From early Tertiary times to the present 
day, we can trace the gradual development of this groove in all the lines 
which have acquired it. The upper surface became at first a little con- 
cave; the concavity gradually became deeper, and finally formed a well 
marked groove” (Cope). 


The history of the wrist joint is similar, and in many instances 
the articulation between the bones of the palm (metacarpals) and 
sole (metatarsals) with their respective digits as well. This is 
especially true of forms which, like the speedier ungulates, have 
elevated the heel and wrist off the ground and walk upon the modi- 
fied claws, the hoofs. Where the foot is supported by a yielding 
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pad, as in the camels, the keels at the ends of the metacarpals and 
metatarsals may be secondarily reduced, as their purpose, where 
present, is to keep the toes from spreading, and a yielding foot is a 
necessary part of the desert adaptation which the camels so ad- 
mirably illustrate (see Chapter XXXVI). 

Vertebral Column.—The vertebral column among vertebrates, 
especially among terrestrial types, is a marvel of mechanical design. 
Aquatic adaptation relieves the backbone of the creature’s weight, 
and hence the vertebree tend to retain or re-acquire primitive sim- 
plicity of structure. The articulations of the vertebre one with 
another are effected by the faces of the adjacent centra (see Pl. III) 
or by the additional articular facets, borne on the neural arch, 
known as zygapophyses. The reptiles exhibit the greatest variety 
of articulations, except those of the zygapophyses, which are fairly 
uniform, while in the mammals the modification of each group of 
articulations is equally striking. 

The forms which the articulations of the centra assume are four 
in number: first, the amphiccelous (Gr. aul, at both ends, and 
KotXOS, hollow, said of vertebre in which both ends of the centrum 
are concave); the ball-and-socket, which may be proccelous (Gr. 
mpd, before, concave in front) or opisthoccelous (Gr. daioGev, 
behind, concave behind); the plane or amphiplatyan; and the 
saddle-shaped, in which the same face of a given vertebra is at once 
concave in one dimension and convex in the other. Of these various 
sorts the first is chiefly distinctive of fishes and certain Reptilia 
(ichthyosaurs), while among mammals it is imperfectly developed, 
being only a modification of the plane surface and usually occurring 
in comparatively few vertebre. 

The ball-and-socket type is chiefly found in the neck of long- 
necked reptiles (dinosaurs), the crocodiles and the mammals, 
where it permits the maximum degree of flexibility. Those mam- 
mals (perissodactyls and artiodactyls) in which the ball-and-socket 
articulation is found in the neck also show it, although in reduced 
degree, in the vertebre of the loin, while the thoracic vertebree 
exhibit a tendency in the same direction. The saddle-shaped ar- 
ticulation, while characteristic of the neck vertebre of birds, is 
present in the mammals only in certain genera of monkeys. The 
majority of Mammalia have plane articulations on all of the verte- 
bree. In those forms in which movement of the vertebre upon one 
another has become impossible, the centra codssify or fuse together, 
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as in the region known as the sacrum, where a variable number of 
vertebra, depending upon the length of the ilia or hip-bones, unite 
to form a firm structure which is solidly articulated with the pelvic 
girdle. Among birds this codssification is apt to extend still further, 
in some instances including practically the entire trunk, while in 
the whales, the form of whose body renders any independent move- 
ment of the head impossible, the neck is much shortened and the 
vertebrze, especially in the whale-bone whales, unite into a solid 
mass of bone. 

There is, in all of this, abundant evidence of the effects 
of use and disuse, the ball-and-socket joints being developed 
where the greatest all-round flexibility is characteristic. This is 
therefore the prevailing type of articulation among Reptilia, the 
degree of its development being in direct proportion to the weak- 
ness of the limbs, for in the large and long-limbed terrestrial dino- 
saurs the articulations of the trunk and to a less extent of the tail 
vertebre tend to become plane. In the mammals it is best de- 
veloped in the most flexible regions, the neck and loin. The saddle- 
shaped articulation also permits considerable flexibility, but mainly 
in the vertical and horizontal planes. The fact that in the ances- 
tral whales the neck was considerably longer than in their modern 
descendants and had its centra distinct appears to be the probable 
result of that disuse arising from gradually increasing powers of 
locomotion through the water, which would enable the creature to 
overtake and capture its prey without the necessity of using a long 
darting neck to seize it in the pursuit. The contrast is strikingly 
illustrated by the whale-like ichthyosaurs among reptiles on the 
one hand and the plesiosaurs on the other (see Figs. 62, 65). In 
the former as in the whales the tail became the principal organ of 
locomotion with, in all probability, a corresponding perfection of 
speed, whereas in the plesiosaurs the more laborious method of 
propuision by the paddle-like limbs made the speed of the creature 
as a whole considerably less and necessitated a proportionately 
longer and more flexible neck analogous to that of the fish-eating 
alligator snapping turtle (Macroclemmys temmincki). Of this 
vicious beast Agassiz says: “It does not withdraw its head and 
limbs on the approach of danger, but resorts to more active defence. 
It raises itself upon the legs and tail, highest behind, opens the 
mouth widely, and throwing out the head quickly as far as the long 
neck will allow, snaps the jaws forcibly upon the assailant, at the 
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same time throwing the body forward so powerfully as often to 
come down to the ground when it has missed its object.” 

The wonderful complication of the axial mechanism is shown in 
its highest perfection in certain of the dinosaurs, for never before 
nor since has nature produced such mighty animals unsupported 
by an external sustaining medium. In one of the most remarkable 
of these forms, Diplodocus (see Chapter XXX), we have an animal 
of relatively short body borne on massive column-like limbs and 
with an extremely long neck and tail, the former of which was evi- 
dently a very mobile and self-sustaining organ, while the latter, 
though capable of considerable movement and self-support, prob- 
ably was either largely water-borne—for the creature was at least 
semi-aquatic in its habits—or may have dragged on the ground 
when the animal came ashore. The entire fabric of the vertebral 
column is a marvel of lightness and ingenuity of design. The great 
mobility of the neck is indicated by the highly developed (opis- 
thoceelous) ball-and-socket central articulations, but especially 
by the extreme lightness of the centra themselves, which are pierced 
by deep lateral cavities leaving a median dividing wall so thin as 
to be readily broken through. This mobility is also shown by the 
complexity of the indicated musculature, for the points of muscle 
attachment are well developed and numerous keels and buttresses 
running obliquely in both directions across the centra and neural 
arches show the lines of stress not of few massive muscles but of 
numerous smaller muscles and tendons. Moreover, the neural 
spines, which are usually single, are here deeply cleft from the third 
cervical back to the sixth dorsal, indicating the pairing of the great 
muscles which run along the mid-dorsal line of the neck and back, 
and the independent action of the two members of the pair. This 
of course is indicative of a wide lateral sweeping of the neck and 
head. 

In the dorsal region the faces of the centra flatten, indicating 
little flexibility unless the centra were separated by thick compres- 
sible pads of cartilage, a supposition which the articulation of the 
zygapophyses does not bear out. Here, except for the development 
of deep lateral cavities (pleurocceles) in the centra, the vertebre 
are relatively simple, indicating a similar simplicity of the muscula- 
ture. The sacrum is a massive structure consisting of three closely 
coalesced vertebre united not only by their centra but by the 
neural arches and even the dorsal spines, and a fourth vertebra 
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the spine of which is free, although the centrum is well codssified 
with the others. This last vertebra is interpreted as a caudal which 
age and lack of mobility have caused to unite with the vertebree in 
front. The sacrum is the fulcrum of the whole wonderful lever, 
and the coalesced spines afford a firm anchorage for the long muscles 
and tendons which run forward toward the neck and backward to 
the tail—the tension members of the fabric. The sacrum is very 
solidly fastened to the hip bones or ilia by massive processes which 
extend outward and backward and unite distally into a heavy 
roughened plate forming the abutment against which the ilium 
bears. The hip socket is large and thoroughly braced by this bony 
plate and the bone (peduncle) extends downward in front of the 
socket in such a way as to meet the thrust of the thigh in ordinary 
standing posture, in walking when the hind limb is used to urge 
the animal forward, and also when the creature reared on its hind 
legs, evidently a very feasible act when the body was partially 
water-borne. The obliquity of the transverse processes which 
has already been described is such as to meet this unusual strain. 
The tail lacked the great flexibility of the neck, but must have 
been capable of some lateral movement as well as a certain amount 
of elevation. The centra are again lightened but are by no means 
as complicated as those of the neck. The transverse processes, 
especially on the anterior vertebrae, are widely expanded plates 
of bone, indicating powerfully developed lateral muscles. The 
tail must have had three uses: for swimming, somewhat as a 
serpent swims, a movement which requires a certain flexibility 
but does not perhaps necessitate the extreme range of the food- 
getting head and neck; for defense, as the only visible weapon of 
which the creature stood possessed was some ten feet of slender 
whiplash-like terminus to its tail, comparable to that seen in many 
modern lizards and serving as a very efficient flagellant wherewith 
to punish would-be offenders against the owner’s person; and for 
temporary support when the animal reared the fore quarters aloft. 
That this last need may have occasionally arisen is still further at- 
tested by the occasional abnormal coalescence of two of the caudals 
as in the great specimen in the Carnegie Museum at Pittsburgh, here 
figured (PI. III). These vertebra, the estimated seventeenth and 
eighteenth, are at about the point where the tail would meet the 
ground in such a manceuver. To gain a full appreciation of all 
this, it should be borne in mind that Diplodocus was one of the 
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giants of geologic time, stretching its mighty length through a 
span of eighty feet or more, of which some sixty-five lay without 
the pillar-like supports, and therefore, except for the resting of the 
tail upon the ground or the support given by the water when sub- 
merged, the neck or tail must each have been capable of being sus- 
tained by a single end. 

There is a wonderful freedom of design in the construction of 
the individual vertebrae comparable to that seen in Gothic archi- 
tecture, for not only is each vertebra different from its fellows but 
even the two sides of the same bone are unlike. The whole struc- 
ture of the Dzplodocus skeleton is so perfect a response to the 
multitudinous stresses to which its various elements have been sub- 
jected that to one who can appreciate the design of a bridge or 
building or any other sustentative fabric the conclusion that it is 
the result of mechanical genesis is almost irresistible. 

Tendons in which lime salts had been deposited during life are 
often preserved in dinosaurs, notably in the iguanodons of Europe 
and their American relatives, Camptosaurus and Trachodon (see 
Chapter XXXI), and here the lines of tension are beautifully indi- 
cated just as the keels and buttresses of the vertebre give evidence 
of lines of compression. 

Limb Proportions.—Limb proportions also follow definite me- 
chanical laws which at first seem curiously contradictory, for both 
impact (compression force) and strain (extension force), while 
opposite in their action, have the same effect upon bone, that of 
causing it to elongate in the line of the stress. Transverse stress, 
on the other hand, would cause growth at right angles with the 
length of the bone. 

Speed adaptation generally results in the elongation of the two 
lower segments of fore and hind limb and the relative shortening 
of the upper, while relatively slow progression as in the elephant 
gives rise to a lengthened proximal segment, that nearest the body, 
the distal one remaining relatively short (see page 301). With 
the apes, such as the gibbon, in which most of the progress from 
branch to branch and from tree to tree is sustained by the arms, 
the latter are enormously elongated as compared with the legs, 
which are of relatively little use and are proportionately very short, 
so that when the ape stands with the body practically erect the 
knuckles still touch the ground (see Pl. XXVI). A regular grada- 
tion has been shown by Huxley to exist between these extremes 
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and that in terrestrial mankind, in which the legs are the longer, 
the orang, chimpanzee and gorilla representing the intermediate 
stages in the order named, the last standing nearest to man. If 
man’s legs are longer than his arms as a result of their greater use, 
their growth stimulus was impact, whereas with the gibbon’s arms 
which are the longer the stimulus was a strain. The tree sloths (see 
Figs. 72, 73) also have greatly elongated proximal segments to the 
limbs, the hands and feet being reduced to curious structures ter- 
minating in immense hook-like claws. The huge Pleistocene 
ground sloths, on the contrary, although exhibiting enough arboreal 
characteristics to point to a partial tree-dwelling ancestry, had 
comparatively short and ponderous limbs, but the relative lengths 
of limb-segments were retained. 

Archelon, the giant turtle from the Cretaceous of South Dakota, 
mounted in the Yale University Museum, had suffered mutilation 
during life, for the right hind foot is missing and the condition of 
the lower leg bones, which lack their distal end, is pathologic. The 
most interesting feature, however, is the difference in size of the 
two thigh bones, that of the perfect left limb being materially 
larger than that of the crippled right, showing the result of the 
cessation of growth-stimulus with the loss of utility. But this is an 
ontogenetic instance and could not, so far as our knowledge goes, 
become evolutional; the other instances which are constant and 
predictable are the result of evolutionary processes, whatever they 
may be. Cope and others have taken many other instances, such 
as the modification of form into radial symmetry for sedimentary 
types and bilateral for the locomotor, the mechanics of the teeth, 
of muscular development, of the shells of invertebrates; but enough 
have been given to show that numerous modifications of animals 
conform with mechanical laws whether mechanics is the prime 
mover in their production or not. 


Objections to Kinetogenesis 


Several arguments have been offered by the opponents of this 
theory of which the most important are: First, the apparently 
illogical and self-contradictory assumption that ’stimuli of different 
kinds produce similar results, while stimuli of the same kind may 
produce different results. Experiment, however, has proved the 
truth of this apparently paradoxical statement, for the irritation 
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of bone will produce either bone deposits or bone absorption ac- 
cording to the degree of irritation. Thus moderate stimulus, such 
as the pressure and stretching mentioned above, may stimulate 
growth. Continued heavy pressure, on the other hand, causes 
bone absorption at the point of contact. 

A second objection which has been made to kinetogenesis is 
that if growth-stimulus exist, how can there be a limit to increase, 
so long as the stimulus of use prevails? This objection is met by 
the assumption that the stimulus is stress due to disharmony be- 
tween an organism and its environment, and that kinetogenesis 
is the result of the effort on the part of the organism to overcome 
this lack of harmony. When the organism is sufficiently adjusted 
to meet the requirements of the environment, equilibrium is at- 
tained, the stress is reduced to the point necessary for the main- 
tenance of the mechanism in working condition, and further 
growth ceases. In easy circumstances, where little or no exertion 
is necessary, there is not even sufficient stimulus to raise the 
mechanism to a state of efficiency, and the degeneracy of disuse 
results. 

Despite Cope’s arguments, this is one of the objections to his 
theory which is most emphasized by its opponents. It will at once 
be seen that even if the objections above are met, a third will yet 
remain, that of the acceptance of the Lamarckian factor of the 
inheritance of acquired or ontogenetic characters, upon which the 
whole doctrine of kinetogenesis depends for its inclusion among the 
potent factors of evolution. 

Osborn’s Theory of Coincident Selection.—This objection 
Osborn has striven to avoid by his idea of “coincident selection,” 
which he states as follows: “Individual or acquired modifications 
in new circumstances are an important feature of the adult struc- 
ture of every animal. Some congenital variations may coincide 
with such modifications, others may not. The gradual selection 
of those which coincide (coincident variations) may constitute an 
apparent inheritance of acquired modifications.” 

Although these may occur they would hardly seem sufficient to 
-account for the host of mechanical adaptations which exist. Many 
of these may be ontogenetic, recurring in successive generations 
through the influence on each individual of similar conditions with 
resultant similar adaptations. Whether these can ever become a 
part of the heritage of the species we do not know, but, as we saw 
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in the preceding chapter, most naturalists believe that after many 
generations the character may make itself felt, although by what 
means this is accomplished has not yet been revealed. 
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PART ITE 
THE EVIDENCES OF EVOLUTION 


SECTION 1. ONTOGENY 
CHAPTER XIII 
Tue Lire Cycie 


The marvel of life is nowhere more wonderfully displayed than 
in the development of the individual plant or animal from its minute 
beginning; and the continuation of its life in offspring which in 
turn undergo their mortal span, handing on their life to other 
generations yet unborn, adds to the wonder. Man, through 
his intelligence, and as a result of his inventive research, has made 
many marvelous things, and some of his creations are little short 
of miraculous. Take, for example, the most intricate product of 
human manufacture, a battleship, into which hundreds of tons of 
steel and other material have been fashioned, forming a fabric 
more complex in its gross anatomy than any created being, of 
huge size and great speed, with armor to protect its vitals, and 
guns whose projectiles leave their muzzles at a velocity which 
would, if continued, belt the globe in half a day, dealing death 
and destruction to others like itself beyond the limits of the horizon, 
capable of combatting the elements, safe alike in calm or storm, 
and possessing, as every sailor knows, individual characteristics 
which seem almost animate. But this marvel is after all a mere 
mechanism, the product of human skill in design and fruition, and 
between it and the simplest of nature’s children there is a great 
gulf fixed which human intelligence will never bridge. For or- 
ganisms possess the power of procreation and can hand on their 
life and characteristics to their children, while the mechanism 
will sooner or later reach the end of its being and nothing will be 
left of it but a pile of wreckage and a memory. 

REPRODUCTION 

In Chapter II we discussed the life processes of a relatively primi- 
tive organism, the paramecium, and we found that reproduction 
was accomplished by the process of dividing into two, with occa- 
sional conjugation of two like individuals between which there is 
a mutual exchange of nuclear material, presumably for the purpose 
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of increasing the range of variation in the offspring. But 
the process of division, although apparently simple, is in 
reality a much more complex procedure, owing to the intricate 
character of the nucleus, and all cell division is complicated by a 
peculiar structure of the nucleus known as the mitotic or karyo- 
kinetic figure. Under ordinary conditions in the resting state the 
nucleus contains chromatin substance in the form of granules ar- 
ranged in a more or less definite network known as the reticulum. 


Fic. 24.—Diagrams representing normal mitosis or nuclear division. A, 
nucleus ‘‘resting,’’ centrosome by its side; B, spireme appears, which in C be- 
comes separated into chromosomes; D, centrosomes at opposite poles, chromo- 
somes form an equatorial plate; E, each chromosome divides longitudinally and 
in F and G the halves become drawn to the opposite poles; H, the cell divides into 
two. (After Wilder.) 


Just before cell division takes place, these granules become re- 
arranged into a complexly wound thread or spireme, and later this 
is divided across its length into a variable number of short chromatin 
bodies, the chromosomes, the number of which is the same for 
all the cells of a given species of organism. This number bears no 
relationship, however, to the complexity of the organism as a 
whole, or to its rank in the animal kingdom, for in some Protozoa 
the chromosomes are more numerous than in the cells of man. 
Next there forms the so-called mitotic figure (see Fig. 24), consist- 
ing of two oppositely placed centrosomes, between which run 
fibers of kinetic substance diverging toward the middle to form a 
spindle-shaped figure, the chromosomes being arranged in its 
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center. While in this position in the figure, or even before they 
have attained it, each chromosome splits lengthwise, the resultant 
halves, known as the daughter chromosomes, being apparently 
drawn apart by the mechanism of the mitotic figure. The cell 
then divides by a constriction passing through the equator of the 
nuclear figure so that one-half of the accurately divided daughter 
chromosomes now lie in each resultant cell. The nuclei re-form 
their characteristic. reticular condition and the two cells are either 
entirely separated (reproduction), or still remain attached (cleav- 
age), and are ready to take up their vital functions as did the parent 
cell before them. In conjugation of two cells such as Paramecium, 
the division of the micronuclei preceding the actual exchange of 
nuclear material is effected invariably by the karyokinetic process. 
This means of course that the chromatin, with all of its hereditary 
traits, will have been most accurately shared between the two con- 
jugants, a result which could hardly be obtained by any simpler 
method. 


Origin of Sex Dimorphism 


Among Protozoa the union of similar cells is of course frequent, 
but among flagellates and Vorticella-like infusorians there are 
numerous cases in which the uniting individuals differ from each 
other, both in form and origin, in greater or less degree. In the bell- 
animalcule, Vorticella, often found attached to weeds in our fresh- 
water ponds, the normal adult is borne upon a stalk, capable of 
contraction like a spiral spring. These individuals are bereft of 
cilia for locomotion, having only a band of prehensile cilia around 
the margin of the peristome, the portion surrounding the mouth. 
Occasionally one of these divides repeatedly, giving rise to a number 
of free-swimming individuals, one of which will unite with a sta- 
tionary individual of normal size, the union differing in two respects 
from that of Paramecium: in its permanence and in the size and 
other contrasts of the conjugants. 

Certain of the colonial flagellates, Volvocine, constitute one of 
the groups which lie within the neutral zone between the plant 
and animal kingdoms; in fact, there is no clear-cut dividing line 
between animals and plants at the bottom of the series. Good 
authorities, such as Parker and Haswell, class these forms as ani- 
mals, but the fact of their having a cellulose membrane, green 
chromatophores, and the metabolism characteristic of most plants 
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is good evidence for their vegetal tendencies. They exhibit within 
the group a beautiful gradation to the condition of full sex differ- 
entiation, the successive steps being represented by the genera 
Gonium, Pandorina, Eudorina, and V olvox. 

Gonium.—The simplest of the Volvocine are single celled, non- 
colonial forms, the individuals living wholly independently as in 
other Protozoa. Generally, however, the 
Volvocine are colonial organisms, con- 
sisting of more or fewer similar cells 
united in a permanent association. Of 
these the simplest is the genus Gonium 
(Fig. 25). This consists of a flattened 
aggregate of sixteen cells in a tiny plate- 
like colony, of which each individual, be- 
ing provided with two flagella, lives and 
feeds, in spite of its association with the 
rest, as a free individual. When the time 
for reproduction occurs, the cells sepa- 
rate and each one, by repeated division, 
gives rise to a new colony. 

Pandorina.—Pandorina (Fig. 26) is 

also a sixteen-celled colony, but instead 
Rec ee ate hend of being plate-like, the aggregate is ap- 
from the side. Greatly en- proximately spherical, the individual 
larged. (After Stein, from Jor- cells being embedded in a jelly-like 
dan and Kellogg’s Animal Life 7: : 
[D Wopleton and Co) mass. Each cell has two flagella, as in 
Gonium, by means of which the colony 
as a whole progresses through the water, while each individual 
cell eats and grows and performs the various life functions. When 
Pandorina is ready to multiply, each of the component cells di- 
vides repeatedly until it has given rise to sixteen-celled daughter 
colonies, and these are liberated by the dissolving of the enclosing 
jelly. The daughter colonies then separate and each grows until 
it has attained the optimum size of the species. 

After a number of generations, and generally with the advancing 
season, the contained cells divide into eight rather than sixteen 
cells, and the daughter cells are not all alike in size, though the dis- 
tinction is very small. These eight cells now separate and swim 
about by means of their flagella, and if two of them meet they 
conjugate or fuse together to make a single cell which forms a tough 
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protective envel- 
ope around itself 
and passes into a 
resting condition, 
remaining dor- 
Dhan Over 2 
drought or 
throughout the 
winter. With the 
coming of clement 
conditions, the 
outer wall breaks 
and the proto- 
plasm emerges as 
a free-swimming 
cell which straight- 
way divides to 
forma new sixteen- 
celled colony. 
Eudorina. —In 


Eudorina (Fig. nee Prac atte pe 
Be PCH COVEN. co dite itte dachter colétics., B. Pontonh moja 
spherical as be- three stages in conjugation and formation of the resting spore. 
for S consisting Greatly enlarged. (After Jordan and Kellogg, and Goebel.) 

of sixteen or thirty-two cells, each of which may give rise to a new 
colony by repeated division. This may recur, but not indefinitely, 
and sooner or later 
conjugation must 
take place. Herein 
it is that the chief 
distinction from 
Pandorinais shown, 
for in Eudorina the 
conjugating cells 
are of very different 
kinds, since certain 
of the individuals in 


Fic. 27—Colony of Eudorina elegans. A, mature colony; the colony do not 
B, formation of two kinds of reproductive cells. Greatly divide ‘but increase 
enlarged. (From Jordan and Kellogg’s Animal Life {D. Heloes : q 
Appleton and Co.]) slg tly In size an 
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become spherical (megagametes), while others break up into six- 
teen small elongated bodies, each bearing a pair of flagella. 
These small cells (microgametes) escape from the envelope of 
the parent colony, but remain attached to one another until 


Fic. 28.—Colony of Vol- 


vox. A, entire colony of 
Volvox minor; B, forma- 
tion of microgametes 
(sperms) of V. globator; C, 
free microgametes; D, rest- 
ing spore. Greatly en- 
larged. (From Jordan and 
Kellogg’s Animal Life [D. 
Appleton and Co.]) 


the bundle, on colliding with one of the 
larger spherical cells, breaks up and conjuga- 
tion takes place between the smaller flagel- 
lated swimming cells and the larger non- 
flagellate spherical cells. Each. new cell 
(zygote) which is thus formed develops a 
cellulose cyst and passes into a resting con- 
dition, whence it emerges to develop a new 
colony. 

Volvox.—Volvox (Fig. 28) is a large hol- 
low spherical colony consisting of thousands 
of cells held together in a single external 
layer by gelatinous material and connected 
with each other by fine protoplasmic 
threads. When full grown, the colony re- 
produces by certain cells becoming enor- 
mously larger through having reserve food 
material stored within them. These “egg- 
cells” then divide by simple division into 
many small cells held together by a com- 
mon envelope and thus form daughter colo- 
nies which, escaping from the parent colony, 
increase to the full optimum of size by 
growth and repeated division. On the other 
hand, certain cells may divide into bundles 
of sixty-four or one hundred and twenty- 
eight slender rod-like bodies, each provided 
with flagella (microgametes), while others 
form the huge egg-cells or megagametes. 


Those which are not thus chosen for reproduction, really the soma- 
tic cells of the colony, remain for a time unchanged while performing 
the ordinary nutritive and locomotive functions, and finally die, as 
they have no part whatever in the propagation of new generations. 
A microgamete and megagamete, preferably the offspring of sepa- 
rate colonies, then conjugate, forming the resting cell, which after 
a period of quiescence develops into a new colony. 
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Steps toward Complexity.—Two great biologic principles are 
taught by this series of forms: the beginnings of physiological divi- 
sion of labor, and sex dimorphism. In the forms below Volvox 
wherein all the cells are alike in performing both the ordinary ac- 
tivities of the colony and the reproductive function as well, there is 
no division of labor; but in Volvox where certain cells only are con- 
cerned in reproduction these become the germ-cells, in contrast 
with the somatic cells of the colony, and thus distinct division of 
labor between them arises, comparable to that which obtains among 
the cells and tissues of the Metazoa. Gonium shows not the slight- 
est sign of sex differentiation; in Pandorina sex distinction is fore- 
shadowed by the slight difference in size in the conjugating cells; 
in Eudorina this distinction is well established; and in Volvox 
sexual dimorphism is complete. 


Meaning of Sex Differentiation 


The sex differentiation which we have traced seems to be 
directly contingent upon the necessity of storing food ma- 
terial for the nourishment of the coming generation. Where the. 
resultant colony is relatively small, both conjugating cells can 
share this burden, but with the increased necessity for stored food 
comes proportionate inactivity and consequent difficulty of conju- 
gation until size differentiation appears. Then with the gradual 
assumption of the function of nourishment by the larger individual, 
and its entailed further increase in size and decrease in mobility, 
comes the release of the smaller from this onerous duty and a con- 
sequent diminution in size and increased activity. Thus it comes 
about that the megagamete, which we may call the female element 
or “ovum,” becomes more and more anabolic and sedentary, and 
the microgamete or male element, to which the name “sperm” 
may be given, becomes progressively more katabolic and motile, 
being in its final analysis reduced to little more than a nucleus and 
a locomotive filament. The means whereby the sperms are ren- 
dered smaller through repeated division also increases their num- 
bers and insures the fertilization of a proportionately greaternumber 
of ova than if the ratio between the two were more nearly equal, 
thus increasing the chances for the survival of the species. 

Weismann’s Theory of Bisexual Need.—Bisexual parentage 
(amphimixis, Gr. au@é, on both sides, and mégis, mingling) is 
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so widely prevalent, both in the plant and animal kingdoms, that 
it must subserve some very real need in organic economy. Weis- 
mann looked upon it mainly as a means of causing or increasing 
individual variation which, as we have seen, is a prime prerequisite 
to evolution. In the process known as the maturation of the egg, 
a considerable proportion of the chromosomes are removed and pass 
into the so-called polar bodies which are in reality abortive ova. 
In like manner the chromosomes of a sperm mother-cell or sperma- 
togone are divided among the several resultant sperms. Hence 
the several ova and sperms differ materially in their chromosome 
content and, through their fusion, various combinations of the 
hereditary tendencies:arise and these give origin to a high degree 
of actual variability in the resultant offspring. 


Parthenogenesis 


Parthenogenesis (Gr. wap@évos, virgin, and yéveous, produc- 
tion) is comparable to asexual reproduction, in that there is but 
one parent, but with this important distinction, that whereas in 
asexual reproduction sex-differentiation is not yet attained, in 
parthenogenesis both sexes have been fully developed in the race, 
but for reasons of expediency the male has been suppressed, the 
female having the power of producing young without impregna- 
tion. This usually occurs where rapidity of multiplication is an 
essential, as in the plant-lice which were mentioned in Chapter IX. 
Other instances wherein this normally occurs are the scale-insects 
or Coccide, the ostracod and phyllopod Crustacea, and the gall- 
wasps. In some of these (Cypris reptans, Apus cancriformis, and 
certain of the gall-wasps), the seminal receptacle wherein the 
sperms are stored during coition to be utilized later for the im- 
pregnation of the eggs, is still present and fully developed, showing 
no signs of degeneracy. In the parthenogenetic generations of 
plant-lice (aphids), on the other hand, the receptacle has entirely 
disappeared. One would infer therefore that in the last mentioned 
group parthenogenesis is an old institution, whereas in the forms 
first mentioned it has not been the habit of the race for a very long 
time. In fact, in the crustacean A pus cancriformis the males are 
extinct in certain colonies and present in others, which may also 
be true of Cypris, showing that, in the first instance at least, par- 
thenogenesis is not yet fully established. 
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Artificial Parthenogenesis.—Experimental biology, especially 
in the hands of such experts as Professors Jacques Loeb and Yves 
Delage, has shown that under certain abnormal conditions the ovum 
may segment and produce more or less of an embryo or even a 
young animal without impregnation. Loeb showed first that he 
could increase or alter the range of action on the part of the male 
element, as for instance, by rendering sea-water faintly alkaline, — 
the sperms of diverse starfish could be made to fertilize the ova of 
sea-urchins, although in normal sea-water this did not occur. This 
suggested further experimentation, and he found that if a little 
acetic, formic, or butyric acid was added to the sea-water and 
the eggs placed therein and later transferred to normal sea-water 
they began to show the initial stages of nuclear division. But 
when the unimpregnated ova were transferred from the acidified 
sea-water to that to which common salt had been added, thus in- 
creasing its salinity, they developed normally and at the usual 
rate and formed free-swimming larve. Several different sorts of 
worms and molluscs also responded successfully to similar ex- 
periments. 

Delage and others have shown that aside from the chemical 
stimuli mentioned above, artificial parthenogenesis may also be 
induced by mechanical means such as a gentle brushing or a pin- 
prick, or by exposing the egg to electric discharges. Generally 
while the egg may thus be made to divide and redivide, nothing 
comes of it. Occasionally, however, success is attained, for Delage 
reared a sea-urchin from an unimpregnated egg, and Levy reared 
young frogs. The latter’s experiment was the pricking of frogs’ 
eggs with a platinum needle, which was sometimes first dipped in: 
salt or in the blood of the mother. He repeatedly reared tadpoles 
by this aspermic (Gr. a- without, and o7épya, seed) development, 
and three times he succeeded in developing miniature frogs. One 
curious thing was that the nuclei were smaller than the normal and 
Levy believes that they had only half the normal number of chromo- 
somes. ; : 

These experiments show very clearly the occurrence in ordinary 
fertilization of several distinct things, including the mingling of 
the paternal with the maternal inheritance, and also some dynamic 
influence, either a stimulus to cleavage or the removal of some 


hindrance thereunto. 
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THE LIFE. CYCLE 


Several distinct stages are recognized in the career of any or- 
ganism, certain of which constitute the life cycle. They are, briefly 
enumerated, the egg, embryo, adolescent, and adult, which in 
turn gives rise to the egg of a future generation. An additional 
stage, not always included, is the senile, or that of old age, and the 
life of the individual is terminated by death, which, however, al- 
though a perfectly normal phenomenon, is not necessarily part of 
the life cycle and may occur at any stage of the organism’s career. 
If death occurs before procreation is accomplished, the normal life 
cycle is not complete, for, as the name cycle implies, the full se- 
quence of events is from egg to egg, or if the individual be a male, 
from egg to sperm. 

Egg.—tThe egg, germ, or spore, is the initial stage in the ontogeny 
of any organism unless it be-asexually produced, and perhaps the 
greatest marvel of the organic world is the minuteness of this 
starting point, for while an ovum the size of a pin-head is a large 
one, many are microscopic, and a spermatozoén maybe but zo0.s00 
of the ovum’s size! And these two uniting cells are the vehicles of 
inheritance and contain within them all the future characteristics, 
physical, mental, and moral, wherein the offspring resembles its 
parents, be they rotifers, or dinosaurs, or mice, or men! But this 
is not all, for Delage cut a very minute sea-urchin’s egg into three 
parts, and reared a larva from each, and in another case he reared 
an embryo from 3'; of a sea-urchin’s egg. Twin animals may 
often be obtained from one ovum by producing a separation of the 
first two cleavage cells, and it is thought that this is the way the 
so-called “identical” human twins are normally produced. Pro- 
fessor E. B. Wilson, by shaking apart the four-celled stage in the 
development of the lancelet, produced quadruplets. 

On the other hand, the eggs, especially of reptiles and birds, 
are relatively enormous, because there is contained within the 
shell sufficient food in the form of “yolk” to sustain and build up 
the organism through its entire embryonic period. The maximum 
recorded size of an egg is that of the recently extinct flightless bird, 
the epyornis of Madagascar, the shell of which measures 9 by 13 
inches, while an ostrich’s egg measures but 414 by 6. The epyornis 
egg would therefore hold the contents of 6 ostrich eggs, or 148 hen’s 
eggs, or 30,000 humming bird’s eggs (Lucas). There is rarely a very 
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definite ratio between the size of the egg and the creature which 

‘produced it, for the apteryx, another flightless bird still living in 
New Zealand, whose bodily bulk is less than that of a hen, lays an 
egg measuring 3 by 5 inches and weighing about one-third of its 
own weight. It is not surprising, therefore, that it lays but two. 

The presumption is, until we have evidence to the contrary, 
that, in common with most other reptiles, except the viviparous 
ichthyosaurs whose high-seas adaptation rendered it impossible 
to come ashore for egg-laying, and a few modern lizards and snakes, 
the dinosaurs were oviparous or egg-laying. If so, the eggs of a 
60-foot Brontosaurus must have been huge, although even they 
may not greatly have exceeded those of the epyornis. 

Embryonic Stage.—This is the period of development from the 
beginning of cleavage until the assumption of free life, generally 
that spent either within the egg-shell or within the body of the 
mother if she is viviparous as in certain sharks, the above men- 
tioned reptiles, and the mammals. Certain stages of development 
are common to all metazoan animals and the inference is therefore 
that these must represent ancestral stages through which the 
Metazoa as a whole passed in the dim youth of their racial career. 

Immediately after impregnation, cleavage occurs, dividing the 
egg into two, then four, then eight, sixteen, and so on, individual 
cells which remain attached to one another, forming a solid aggre- 
gate known as the morula (dim. of L. morum, mulberry). Further 
segmentation produces a-hollow embryo, the blastula (dim. of 
Gr. BAaores, sprout), the cavity within being the segmentation 
cavity or blastoccele (Gr. xotdos, hollow). The organism is now 
comparable to Volvox, consisting as it does of a single layer of cells 
enclosing the more or less voluminous cavity. In its simplest form 
the blastula shows no cell differentiation, but in the aquatic in- 
vertebrates it may be uniformly ciliated and swim freely through 
the water with a rotary movement about a definite axis, one end 
of which always points in the direction of progress. In many blas- 
tule, especially such as are not free-swimming, the cells soon begin 
to differentiate, especially at the posterior pole of the free-swimming 
forms or at the corresponding portion of those which are non-motile. 
These posterior cells are generally somewhat larger than the an- 
terior ones, especially in those embryos in which much food-yolk 
tends to concentrate, and they will ultimately give rise to the vege- 
tative tissues of the organism. The next stage is that known as 
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the gastrula (dim. of Gr. yaort7p, stomach), in which the embryo 
becomes two-layered, with a full differentiation into two distinct 
tissues composed of cells, the primary requisite of a metazoan ani- 
mal. This is generally the result of an inpushing or invagination 
of the cells of the vegetative pole into the blastoccele, more or less 
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Fic. 29.—Stages common to all Metazoa. A, egg; B, C, D, cleavage stages; E 
and F, blastula, in F, which is somewhat older than E, one half has been re- 
moved; G, beginning of gastrular invagination; H, complete gastrula. G and 
H sectioned as in F. (After models of Amphioxus by Hatschek, from Wilder.) 


obliterating it. The embryo is now a two-layered or diploblastic 
sac, the newly formed cavity lined by the invaginated cells being 
the primitive gut or archenteron (Gr. apy-, first, and €vTepop, 
intestine), while the opening to the exterior is the gastrula mouth 
or blastopore. Of the two primitive germ-layers now formed, the 
outer one in the higher Metazoa gives rise to the integument, 
nervous system, and sense organs of the adult and is known as 
the ectoderm, while the inner one, from which the digestive tract 
and certain of its glands, such as the liver, develop, is known as 
the endoderm (see Fig. 29). 

But gastrule do not always arise by so simple a method as invagi- 
nation, for sometimes the several cells of the blastula each divide 
in a plane parallel to the outer surface of the embryo, the resultant 
outer cells becoming ectoderm, the inner ones endoderm. The 
appearance of a blastopore puts the archenteron in communication 
with the exterior. It will be noticed, however, that in this case the 
archenteron is the same as the blastoccele, not an enclosed portion 
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of the external world as in the first instance. This mode of gastrula- 
tion is called delamination. Yet a third method is by immigration, 
in which certain cells of the blastula leave their position and pass 
into the enclosed blastocoele, where they divide and eventually 
fill and obliterate the entire cavity, resulting in a solid organism, 
the parenchymella, which consists of a mass of cells enclosed within 
a single layer. Later, in the middle, a cavity appears which gradu- 
ally enlarges, and the inner cells are pushed outward until they 
form a single endodermal layer within the ectoderm. A blastopore 
then forming, the gastrula is complete. Evidence seems to show 
that this last method of the formation of a gastrula is the most 
primitive, and that the invagination or the delamination processes 
are derivatives of it. 

Be that as it may, the fact remains that up to this point all meta- 
zoan development, whatever the ultimate result, follows the same 
or strictly parallel roads, although the exigencies of its life, causing 
the animal to be sedentary or free, and especially the presence and 
amount of food yolk may modify he several stages to a considera- 
ble degree. Now we come to the parting of the ways, when the 
least related go each their several roads, which ultimately branch 
into as many byways as there are forms of life. The nearer of kin 
the creatures are, the later is their embryonic divergence. 

Post-embryonic Life.—The adolescent age is the period of 
youth, from the time when the embryonic stage is left until sexual 
maturity is attained, when the organism becomes an adult, even 
though its growth shall not have been completed. Often the 
young, once the embryonic stage is past, is a miniature of its par- 
ents, again it may differ from them so widely that its relationship 
to those who gave it existence would never be even guessed. In 
the former case the development is direct, in the latter indirect 
or by metamorphosis, the adolescent form being called a larva. 

A familiar instance of metamorphosis is that undergone by the 
frogs and toads, in which the young hatch out as limbless, tailed 
larve with tuft-like gills on either side of the neck. The head is 
not constricted off from the body and the long tail bears a delicate 
web of skin above and helow which aids in swimming. The mouth 
is armed with a pair of horny jaws composed of numerous closely- 
set horny teeth. In the course of a few weeks, in some species, the 
iimbs begin to appear, first the hind limbs, later, apparently sud- 
denly, the fore. In reality the fore limbs have been developing all 
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along, but were concealed by a fold of skin, the operculum, which 
had previously grown over the gills. Later the creature’s lungs 
become functional, the tail shrivels, and it soon emerges on land as, 
a perfect frog or toad as the case may be. There are all sorts of 
modifications of this straightforward process, due to adaptations 
to various life conditions, but the fact of metamorphosis remains, 
although in some instances approaching very near to direct develop- 
ment. 

The frogs are instances of metamorphosis from a lower to a higher 
plane of life and most of the marvelous insect metamorphoses are 
of a similar sort; but the change is not always progressive upward, 
and in some instances, notably where the adult is. sedentary or par- 
asitic and as a consequence degenerate, the metamorphosis is retro- 
gressive and results in an adult animal on a distinctly lower plane 
than when in the larval stage. The chapter on parasitism and de- 
generacy (Chapter XVII) will give several instances of this retro- 
gression, and a single instance, that of the tunicates or sea-squirts, 
will suffice for the present. 

These animals (see Fig. 30) are in part planktonic, but mostly 
sedentary benthonic forms, having a somewhat sac-like shape, 
with two orifices, one inhalant, the other exhalant, through which 
water enters and leaves the body for the purpose of food-getting 
and respiration. While chordate animals, the adult shows but one 
of the three diagnostic characters which serve to define the group. 
This is the pharynx perforated by gill-slits, the notochord and the 
typically hollow nervous system not being in evidence. They are 
present in the young, however, for there hatches from the egg a 
tiny tadpole-like creature which swims around in the sea by means 
of a webbed tail stiffened by a gelatinous notochord. There is also 
a hollow spinal cord, somewhat like that of the frog tadpole, except 
that there is a very slight dilatation where one would seek to find 
the brain and this contains a very primitive sort of eye and another 
organ which may represent an ear or an organ of equilibration 
(balancing sense). After a very brief life of freedom the larva 
becomes fixed first by a pair of adhesive organs and later by the 
outer ‘‘tunic” of cellulose characteristic of the group to which it 
belongs. The tail, the notochord, the greater part of the nervous 
system, and the sense organs disappear, and the creature degener- 
ates into a stage of development comparable to that of the lower 
Metazoa. Were it not for their life history, the place in nature of 
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the tunicates would be very difficult to fix; as it is they are clearly 
a degraded offshoot of the stem which gave rise to the vertebrates 
themselves. 

The adult stage is reached as soon as the metamorphosis, if such 
there be, is completed—with the insects the assumption of the 
powers of flight 
marks its advent. 
While growth may 
continue for some 
time, or even, as ‘in 
certain fishes, al- 
most indefinitely, 
the animal is gener- 
ally sexually ma- 
ture and _ parent- 
hood is possible. 

Ultimately there 
comes senility, when 
the bodily powers 
begin to wane, pro- 
creation ceases, and 
the animal becomes 
less and less active 
and capable of pro- 
tecting itself. It is 
thus more readily 
the prey of disease 
or of other rapa- 

_cious forms, and 
shortly death ends 


its career. Thomp- 
son Seton, who _ Fic. 30.—Tunicate retrogression from free-swimming 

: larva. br, brain; c, nerve cord; end, endostyle; h, heart; 
knows animals as int, intestine; n, notochord; pp, adhesive papille; ¢, tail. 
few are privileged Orientation indicated by ‘arrows which mark incurrent 
to do, tells us that and excurrent orifices. Greatly enlarged. (After Seeliger, 


: from Wilder.) 
among wild crea- 


tures practically all die a violent death sooner or later, and that 
what we call a “natural death” as applied to mankind rarely 
if ever occurs among them. 

Length of Life.—In mosi organisms there is a definite limit of 
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growth and when the size best suited to the needs of the species is 
attained further increase ceases. Exceptions apparently exist in 
certain water-borne forms such as the fishes and whales, where the 
energy usually needed in overcoming gravity may be turned into 
growth force and in exceptional cases will produce an individual 
far in excess of the normal optimum of size. So it is with the 
length of life. Some organisms which, like the annual plants, die 
when they have provided for the continuation of their species, have 
a very definite life span, the limits of which are determined by the . 
procession of the seasons. Others, like the perennial plants, con- 
tinue to live, barring accident, until sere old age sets in with its 
warning of impending death. 

In those forms with definite life duration, egg-laying is often 
fatal, for in some cases, as in certain flatworms, there is no birth 
opening and the young are liberated only through the death and 
disintegration of the mother. The abdomen of a may-fly bursts 
during egg-laying and “many female butterflies die after oviposi- 
tion, and the same is true even of robust animals like lampreys. 
The drone who succeeds in fertilizing the queen hive-bee dies as he 
succeeds; all the others who are unsuccessful, also die. A male 
spider often lays his life on the altar of sex, and the same is true of 
some scorpions” (Thomson). In creatures which survive there is 
also a normal duration of life, like man’s three score years and ten, 
which few attain and fewer exceed. Most records of longevity are 
derived from observations on animals in captivity and hence, as 
the latter are sheltered from many of the vicissitudes of a wild life, 
may exceed the average. On the other hand, as for instance in the 
case of the gorilla, it is practically impossible to keep a captive alive 
for more than a very brief existence, the life of “‘Dinah,” a young, 
gorilla kept in the New York Zodlogical Park for eight months, 
constituting a record. At all events, whether captivity lessens or 
increases the animal’s chance for survival its length of life can not 
exceed the potential longevity of its species. 

Within each group of-animals, the duration of youth is in rough 
agreement with the possible span of the whole life, and also with 
the relative size to which the members of the particular species 
attain, but this is not without some very marked exceptions. 

“Elephants are the largest and heaviest of existing land animals. The 


African elephant reaches a greater size and bulk than the Indian species; 
the tallest wild specimen whose height has been recorded was shot in 


THE LIFE CYCLE 209 


Abyssinia and stood 11 feet 8% inches at the shoulder; Jumbo, the 
largest African elephant that has been in captivity, was 11 feet high 
when he left the London Zodélogical Gardens, and is stated to have 
reached 12 feet before he died in America. An Indian elephant 10 feet 
6 inches in height is unusually large. A moderately sized elephant, of 
about 7 feet high, weighs from 2 to 3 tons, and a really fine example be- 
tween 5 and 6 tons, Jumbo [see Plate XXI] having weighed 6% tons. 
Elephants grow slowly; the duration of their youth is from twenty to 
twenty-four years, a very much longer time than that occupied by the 
youth of any other terrestrial mammal except man. If, however, we 
remember that a full-grown elephant weighs as much as fifty full-grown 
men, and that these animals have some difficulty in obtaining the enor- 
mous quantities of food they require, the length of their youth is not 
so remarkable” (Mitchell). Elephants may live a century or even more, 
but it is doubtful whether their average length of life is anything like 
that. Jumbo was born in 1864 and died by accident in 1888, a duration 
of but 24 years. 

“The Ruminating Ungulates without exception have a very short 
duration of youth in proportion to their size, and could be arranged in 
an almost regular series in which size and duration of youth were parallel. 
Giraffes are the largest, and their period of youth lasts from six to seven 
years. Camels are adult in three years, llamas and alpacas in rather less. 
Domestic cattle are adult in about two years. Bison take between two 
and three years, and increase in size for rather longer [which is also true 
of cattle]. The very large deerlike elk are adult in two years, but may 
continue to increase in size for a longer period; whilst in them as in other 
deer, although there may not be much increase in actual size, the antlers 
become more spreading and acquire more points for many years after 
maturity has been attained. Elands, which are the largest of the an- 
telopes, are mature in three to four years. Many of the little duikers 
reach their full size and are adult in about twelve to eighteen months. 
The range of the period of youth in the whole group of ruminants lies 
between seven years and one year and follows the size of the animal very 
closely” (Mitchell). 

The widest range of life duration, perhaps, is found among insects, and 
the ratio of adult life to that of youth is especially varied. In many 
plant-lice the total life lasts only two or three weeks. ‘The total life of 
common flies such as the blow-fly and the house-fly is a little longer. 
The blow-fly hatches out in twenty-four hours, the larva takes a fort- 
night to grow, whilst the metamorphosis within the pupa case takes a 
fortnight in warm weather, and much longer when it is cold. The normal 
life of the adult fly is from a few days to a few weeks, or in specially 
favorable circumstances, a few months. . . . Amongst bees, the larval 
life and the metamorphosis occupy at most a few weeks, whilst the life 
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of the adult is relatively longer. Worker bees never live beyond the 
year in which they are produced; whilst the life of drones may be only 
a few days, and is never more than a few months, as towards the end of 
the season, when honey is getting scarce, they are driven out of the hive 
to perish. Queen bees may live from two to five years; they are fed and 
cared for by the workers, and their confinement to the hive after the 
nuptial flight preserves them from the vicissitudes of the weather” 
(Mitchell). May-flies live from six months to three years as aquatic 
larve but their adult life may be measured by the span of a single after- 
noon, as they are mouthless and only live long enough to recreate their 
kind. 


The extreme recorded life duration of insects is that of the Amer- 
ican seventeen-year cicadas or “locusts” (Cicada septendecim) 
which in the middle and northern states live no less than sixteen 
years underground, feeding on the juices extracted from the roots 
of plants. The spring of the seventeenth year they emerge from 
the ground, burrow up through the surface soil and climb the trunks 
of trees, where they undergo their final moult and emerge as large 
four-winged bugs. They then pair, the female lays her eggs in 
slits cut in the twigs of trees, and before the season has waned the 
adults are at rest, the eggs hatch, the young burrow underground 
and begin their long subterranean lives. It is interesting to note 
that thirteen-year broods of what is apparently this same species 
occur in the southern states, doubtless a response to the longer 
growing period available in each individual year. 

Some recorded instances of longevity are: tortoise 350 years, 
elephant 130, swan, eagle, and parrot too, mankind, omitting the 
biblical patriarchs, 70 years with perhaps 130 years as a maximum, 
sea-anemone 66 years, horse 42, crayfish 20, and so on; while 
the recorded age of the giant trees (sequoias), some of which ante- 
date the Roman Empire, gives the greatest known duration. As 
Thomson says in The Wonder of Life, several groups of animals 
may be recognized from the view point of their life span: 

“(z) The first is that of the immortal unicellular animals which 
{under ideal conditions] never grow old and which seem exempt 
from natural death. (2) The second is that of many animals which 
reach the length of their life’s tether without any hint of ageing 
and pass off the scene—or are shoved off—victims of violent death. 
In many fishes and reptiles, for instance, which are old in years, 
there is not in their organs or tissues the least hint of age degenera- 
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tion. (3) The third is that of the majority of civilized human beings, 
some domesticated and some wild animals, in which the decline 
of life is marked by normal senescence. (4) The fourth is that of 
many human beings, not a few domesticated animals, e. g., horse, 
dog, cat, and some semi-domesticated animals, notably bees, in 
which the close of life is marked by distinctively pathological 
senility. It seems certain that wild animals rarely exhibit more 
than a slight senescence, while man often exhibits a bathos of 
senility. This is due to the fact that the majority of wild animals 
seem to die a violent death before there is time for senescence, 
much less senility. The character of old age depends upon the 
nature of the physiological bad debts, some of which are more 
unnatural than others, much more unnatural in tamed than in 
wild animals, much more unnatural in man than in animals. Fur- 
thermore, civilized man, sheltered from the extreme physical forms 
of the struggle for existence, can live for a long time with a very 
defective hereditary constitution, which may end in a period of 
very undesirable senility. Man is very deficient in the resting in- 
stinct, and seldom takes much thought about resting habits. In 
many cases, too, there has come about in human societies a system 
of protective agencies which allows the weak to survive through a 
period of prolonged senility. We can not, perhaps, do otherwise; 
but it is plain that to heighten the standard of vitality is an ideal 
more justifiable biologically than that of merely prolonging exist- 
ence. For if old age be then permitted, it is more likely to be with- 
out senility. Those whom the gods love die young.” 

Death is the final and permanent cessation of life functions, 
and, in the higher animals at any rate, seems to be a gradual process 
even though it may appear to be instantaneous. For although 
consciousness has ceased and the heart is stilled forever, the various 
tissue cells gradually succumb to starvation due to the cessation 
of the blood stream. With some tissues it is more gradual than 
with others, for instances are recorded of the growth of hair on a 
body for some time after general death. 

Curious instances of suspended animation also occur which in 
some cases simulate death so closely as to render distinction very 
difficult. A notable example is that of the bear-animalcules, minute 
forms related to the spiders and scorpions, some of which live in 
damp moss, others in fresh or in salt water. Those inhabiting 
ditches or other fresh-water pools subjected to drying become 
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completely desiccated and are blown about like particles of dust. 
If by chance they fall into water, however, they become reani- 
mated, expanding to their former size and taking up their life 
functions where they laid them down. Many instances of hiberna- 
tion or winter sleep, especially among cold-blooded forms, are 
also death-like. 
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CHAPTER XIV 
RECAPITULATION, RactaL OLD AGE, EXTINCTIONS 


RECAPITULATION 


The celebrated German savant, Ernst Haeckel, conceived and 
set forth in the form of a law the wonderful similarity which exists 
between the life history of any organism and the evolutionary 
history of the race of beings to which it belongs. This principle, 
usually known as Haeckel’s biogenetic law (morphogenesis of 
Hyatt), may be stated as follows: The life history of the individual 
(ontogeny) gives a brief résumé of the evolutionary history of the 
race (phylogeny). Or, more briefly, ontogeny repeats phylogeny. 

While this is in the main true, the phylogenetic record may be 
falsified in ontogeny in several ways, just as any historical docu- 
ment may lack certain important portions through the accidental 
or intentional mutilation of the volume, or may have spurious 
chapters added thereunto by a later hand. In some instances 
the results remind one of the palimpsests—ancient parchments 
from which the work of an older scribe has been erased and over 
the almost indecipherable traces of the ancient writing a new pen- 
man has engrossed an inscription of later date. Where the record 
is essentially correct in recounting in their orderly sequence the 
historical events, we may compare it to palingenesis (Gr. wa)uv, 
again, and yéveous, production), in which truly ancestral charac- 
ters conserved by heredity are reproduced in development. The 
‘introduction of spurious matter may be likened to canogenesis 
(Gr. Kavos, recent), wherein non-primitive characters make their 
appearance in consequence of secondary adaptation of the young 
to the peculiar conditions of its environment. The elimination 
of certain chapters finds its parallel in tachygenesis (Gr. Tayvs, 
swift), the acceleration of characters which are crowded back further 
and further into the embryonic life or out of the life cycle entirely. 

Palingenesis.—When one considers the millions of years of 
evolutionary life which have fallen to the lot of all organisms, if, 
as we believe, they have all evolved out of one primal creation of 
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life, and compares those untold ages with the brief span of in- 
dividual existence, he will see that the record is necessarily so 
greatly abridged as to make a perfect recapitulation practically 
impossible. Nevertheless the metamorphosis undergone by the 


Fic. 31.—Metamorphosis of the frog, Rana temporaria. A, eggs, greatly en- 
larged; B, tadpole with external gills; C, hind legs appearing; D, hind legs 
well developed; E, tadpole with all limbs free; F, G, stages in which the tail is 
resorbed, F being a miniature adult. (After Leuckart, from Schuchert’s Hzstori- 
cal Geology.) 


common frog may be taken as a fairly typical instance of palin- 
genesis, as there is little evidence in its life history, except in the 
development of certain larval organs, such as the adhesive suckers, 
of any material falsification of the record (see Fig. 31). 

The same may be also true of the ontogeny of the lower insects, 
but as soon as forms like the moths are considered, especially such 
as have highly adapted larve, e. g., certain of the mimicking forms, 
it is at once evident that canogenesis has been at work. 

Czenogenesis.—Among the inch-worms, or geometrid larve, 
protective mimicry is common, the creature being elongated and 
twig-like (see Fig. 32) in form, in color, and in its attitude when 
disturbed, for it throws itself out rigidly at an angle with the sup- 
porting branch to which it is attached by the hook-bearing prop- 
legs at the hinder end of its body. This is clearly an adaptation 
to meet the vicissitudes of larval life, and the whole insect is very 
different from the form of a primitive species, such, for instance, 
as the fish-moth, Lepisma (Fig. 120), or Campodea, ‘the simplest 
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living insect.” Then, too, the pupa state of the geometrid, in 
which the insect passes into a condition of quiescence and the mar- 
velous transformation into the adult takes place, can have no 
precise parallel in the history of the race, for it is inconceivable 
that a long period of racial dor- 
mancy, during which the evolution 
of wings was accomplished, could 
ever have occurred. 

Tachygenesis is the rule in on- 
togeny, and instances might be 
cited ad libitum, but certain of the 
frogs and toads may again be taken 
as typical instances, for while in 
most of them the eggs hatch out in 
water and the young undergo the 
typical palingenetic development 
‘mentioned above, others show all , 
degrees of the suppression of larval 
stages until metamorphosis is prac- 
tically eliminated and development 
from egg to frog is direct. 

‘“Tn some the eggs hatch on land, 
having been laid in holes, on grass 
or leaves, and when the tadpoles 
are hatched, they wriggle into water 
or are washed into pools by the 
rain. In others, again, the eggs are 
laid on land, and the tadpoles have 
lost their gills before they are 
hatched, but the metamorphosis is 
completed later on. Ina few the | Fic. 32.—Geometrid larva on a 

ne branch. The twig-mimicking cater- 
complete chanel occurs inside the i1,. is the upper right-hand: projec: 
egg, and when hatching takes place, tion from the stem. (From Jordan 
little frogs appear, sometimes, how- 24 Kellogs’s Animat Life [D. Apple- 

. ; .,, ton and Co.]) 

ever, with a stump of the tail still 
left. In others the eggs are carried by the parent, and here, too, 
they may be hatched as tadpoles or as perfect frogs”? (Mitchell). 

Yet another remarkable life history wherein the strict phylogeny 
is departed from is that of Ichthyophys (Fig. 33), one of the Gym- 
nophiona of the class Amphibia. These are curious, burrowing, 
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snake-like forms with neither tail nor limbs, but which, despite 
their degenerate specialization, seem to have inherited more of the 
characteristics of their ancient stegocephalian forebears than have 
any other living amphibians. The female of a species which lives 
in Ceylon and 
breeds just after 
the spring mon- 
soon, digs a hole 
close to the sur- 
face near run- 
ning water where 
the ground is 
moist. Here she 
lays about two 
dozen Leggs: 
around which she 


Fic. 33.—Limbless amphibian, cecilian, Ichthyophys gluti- : 
nosa. A, nearly mature embryo, with gills, tail-fin, and some coils hersel f; : 
food yolk; B, female guarding her eggs, coiled in a hole under- r ] ro- 
ground. (After Sarasin, from Gadow.) Pp obab bsp ie 


tect them against 
other burrowing lizards and snakes, which are very numerous. 
During the period of incubation, if such it may be called, the eggs 
swell to twice their former size, and the mature embryo weighs four 
times as much as the newly laid egg. The embryo has external gills, 
which, however, have lost their primal function of respiration and 
have become nutritive as they move up and down in the fluid of 
the egg. The lateral line sense-organs develop, organs of prime im- 
portance to all aquatic vertebrates but here functionless while within 
- the egg, which may also be said of the fin developed by the short tail. 
When the embryo has reached a length of about 7 cm., the gills 
begin to shrink, and at the same time one pair of gill-clefts appears 
at the base of the third external gill. When the larve are hatched, 
the gills are lost and the young animal takes to the water in a gill- 
less state, although at the bottom of the aperture on either side two 
gill arches may be seen, and the larva frequently comes to the sur- 
face to breathe. The lateral sense-organs and tail fin now fulfill an 
important function. The creatures seem to live a long time in the 
larval stage, but at last the gill-clefts close, the tail fin is lost, the 
skin assumes a totally new structure, and the fish-like larva turns 
into a burrowing creature which readily drowns when forced to 
remain in the water. In this instance the most striking tachygenetic 
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features are the crowding of the gills, which might well be of material 
service to the aquatic larva, back into the embryonic stage, and 
their assumption of a different role, and the total elimination of any 
trace of legs from the life history, although the Gymnophiona must 
have been descended from ancestors possessed of limbs. 


THE RACIAL CYCLE 


Students of fossil forms, especially of the molluscs, have come to 
recognize a series of definite stages in their phylogenetic career 
comparable to those of the typical life cycle discussed in Chapter 
XIII. These are as follows: 


Ep-acme Acme Par-acme 

rents ae adolescent adult senescent 

geny nepionic _neanic ephebic gerontic 
phylo- phylo- phyloephebic phylogerontic 


SEIT ee neanic 

If the life cycle be represented by a curve, the ascending limb 
will include the nepionic and neanic or what may be called the ep- 
acme. During the acme the summit of the curve is reached and 
the organism is in the full fruition of its powers. The par-acme is 
the period of decadence, when the organism’s failing strength is 
represented by the descending curve terminating in death. 

Shells of molluscs, especially of gastropods and cephalopods, pre- 
serve the ontogenetic characters, often in a single specimen, better 
perhaps than the remains of any other group, and have as a con- 
sequence lent themselves especially to students of this interesting 
problem, notably the American paleontologists Hyatt, Beecher, 
Grabau, Jackson, and J. P. Smith. Not only is this true of mol- 
luscs, but in a more or less Weel: degree of brachiopods, echino- 
derms, and corals. 

In many of the gastropods and cephalopods especially, a single 
shell of an old individual may have preserved a record of all of the 
changes it has undergone during the animal’s lifetime. Thus we 
can find at the apex of the coil the tiny embryonic shell or proto- 
conch, then the neanic portion, formed during the animal’s youth, 
simpler perhaps in ornamentation than the adult or ephebic section 
when the height of development of all of the features, ridges, bosses, 
spines or complexity of suture characteristic of the species is at- 
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tained. Then the gerontic or senescent portion is seen, recogniza- 
ble by an increasing simplicity, comparable to that of the neanic 
shell but retrogressive rather than progressive in the assumption 
of characters. Furthermore, it has been proved by paleontologists 
that the several stages shown in the development of a given shell 
reflect the adult condition of more ancient forms, presumably an- 
cestral. Thus, the living Nautilus, the sole survivor of a formerly 
abundant group of cephalopods, has a closely coiled shell, but the 
earlier cephalopods had not, and coiling was gradually assumed 
and sometimes secondarily lost in phylogerontic types. In the 
course of its development, however, Nautilus passes through ar- 
cuate (L. arcuatus, shaped like a bow), loose-coiled, then close- 
coiled stages directly comparable to the adults of the Paleozoic 
genera Cyrtoceras and Gyroceras, and the later Nautilus representa- 
tives of its own group. 

Another highly evolved Cretaceous cephalopod, the ammonoid 
Placenticeras pacificum, is characterized in the adult by complex 
sutures, the lines of juncture of the transverse partitions or septa 
which separate the chambers of the shell and its outer wall. In 
the development of its sutures the individual shell passes through 
simpler stages which are comparable to the adult structures of 
nautiloid and goniatitic forms, followed by stages in which the 
septa are comparable to those of early Ammonites before it assumes 
its adult generic features. 

In the lamp-shells or brachiopods, the spirally wound buccal 
(mouth) arms which serve for food-getting usually have an internal 
limy support which is an outgrowth of the inner wall of the shell. 
Beecher and others have shown that the stages in development of 
the exterior and interior of the shell and the brachial (arm) sup- 
ports can be closely correlated with adult characters of more primi- 
tive representatives in the group. As has been said, while stages 
in development from the young to the adult are all progressive, 
in senescence the stages that appear are in the main retrogressive. 
Nautiloids and ammonoids, which are characterized by close- 
coiled shells, build loose-coiled or even uncoiled additions; spe- 
cialized Ammonites, with complex septa, in senescence build simple 
septa, thus assuming simpler characters comparable to those seen 
in their own youth, and also comparable to the characters of 
adults in regressive (degenerating) series in their own groups (see 
Chapter XXVI). 
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While shell-bearing invertebrates thus lend themselves admirably 
to the study of recapitulation, vertebrates as a rule do not, for the 
skeleton, changing as it does with age, gives only the characteristics 
of the owner at the moment of death, and one can rarely learn 
much of the ontogeny from a single individual or the portion of 
an individual such as is usually available for study. Nevertheless 
where several individuals of a species are known, as of deer (see 
Fig. 34), especially if the ages of their passing differed, enough may 
be learned to show that the law of recapitulation holds with them 
as with the invertebrates. 

Persistently Primitive Types.—Both plants and animals in 
nature, as under domestication, show a remarkable variation in 
plasticity, so that while in the great majority time has wrought 
wonderful evolutionary changes, with a few it is as though the 
world stood still and the ceaseless centuries passed over them 
without effect. In some cases isolation in a remote place, where 
inter-specific competition has largely diminished, is doubtless the 
cause of their changeless survival; others are in the thick of the 
strife but seem to be immune to the influence of changing condi- 
tions. 

Such, for example, are Ameba and the simpler Protozoa and 
unicellular plants, doubtless relics from the remote Proterozoic 
age, unless, as seems hardly probable, life evolved from the lifeless 
more than once and these are the primitive stages of a later crea- 
tion. Orbulina and Globigerina, two foraminiferal Protozoa, are 
known from the Ordovician and doubtless existed long before, 
while among the Brachiopoda one relic type is Lingula and another 
Crania, both dating also from the Ordovician, and persisting prac- 
tically without change until the present. Nautilus, mentioned 
above, has persisted from the Tertiary, and the family to which it 
belongs from the Jurassic. Of the vertebrates, an extremely old 
type is the lung-fish Ceratodus, of which a modern derived genus, 
Neoceratodus (Fig. 139), is now found isolated in certain Australian 
rivers, and which dates from the Triassic. Thé ancient Port Jack- 
son shark, Cestracion, has persisted since the Jurassic and mem- 
bers of its family are found in Lower Carboniferous rocks. In 
many respects the most interesting relic of all is the tuatera (Hat- 
teria) resident on certain small islands bordering the mainland of 
New Zealand—a Permian type although somewhat modified from 
its Paleozoic ancestors. Hatteria is the sole survivor of an im- 
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portant order of reptiles and is of great value to those who would 
revivify the creatures of other days because of the flood of light 
which its structure throws on their probable anatomy. 

These ancient forms are what are called generalized or primitive, 
as opposed to specialized types, for they alone can tarry in their 
evolution while time rings in its changes. High specialization, on 
the other hand, means a relatively brief career. 


Phylogerontic Characters 


Just as senility may readily be recognized in the individual by 
certain characteristics such as the graying of the hair, loss of teeth, 
of upright carriage, of vigor and elasticity of step, so to the trained 
eye characteristics are discernible which point to racial senility. 
These have been recorded by the English paleontologist, A. Smith 
Woodward, who arranges them under several heads, as follows: 

Relative Increase of Size.—One of the characteristics recog- 
nizable as belonging to racial senescence, although having no 
parallel in that of the individual, is relative increase of size far 
beyond that which is usual in the group to which the animal be- 
longs. In certain recorded instances among the prehistoric animals, 
such an increase was followed by extinction, and in several living 
examples racial death is certainly threatened if not a very real 
_ probability, for, as we shall see, great increase of size is accompanied 
by slow maturity and consequent lessening of the rate of increase, 
which severely handicaps the species in the struggle for existence. 
An example of phylogerontic immensity is the genus Productus, 
of which P. giganteus is the largest brachiopod known, sometimes 
attaining a width of nearly 1 foot, while most species hardly exceed 
1 or 2 inches. Productus was very abundant in the Carboniferous 
and Permian and then was blotted out. The cephalopod Am- 
monites was another relatively huge form, while the living giant 
squid, Architeuthis, is by far the largest known invertebrate, 
reaching a recorded. length of 50 or more feet. Certain of the 
smaller cephalopods, on the other hand, measure but an inch or two, 
while between 1 and 2 feet would be a fair average for squid. 

Among vertebrates the Mesozoic dinosaurs (see Chapter XXX) 
were truly gigantic, Brontosaurus with 60 feet of length and 30 or 
more tons of weight, but especially Brachiosaurus, 80 or more feet 
long and proportionately heavier, occurring just before the extinction 
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of their suborder; while of carnivorous dinosaurs Tyrannosaurus, 
the culminating form of its race, was the largest and most terrible 
flesh-eating terrestrial animal whose existence is thus far revealed. 
Of living types, we have the giant whales, the sperm, Greenland, 
and sulphur-bottom, all gigantic compared with the more conserva- 
tive dolphins and porpoises, and rapidly nearing their extinction. 
The hippopotamus, exceeding by far all other swine-like animals, 
is also restricted in numbers and habitat compared with former 
times, while the elephants are very few to-day, though formerly 
worid-wide in distribution and extraordinarily abundant. Of the 
old African elephants which reach a stature of 11 to 12 feet, very 
few are now alive, and the most majestic species of all, Elephas 
meridionalis of Europe and E. imperator of America, are extinct. 
Of primates, the gorilla exceeds all others in size, with the exception 
of occasional men, and he is now making his last stand against fate 
in the dismal fastness of the dark continent. 

Spinescence.—Another gerontic character found occasionally in 
all skeleton-bearing animals is spinescence, that is, the tendency on 
the part of the shells of molluscs and of brachiopods, the external 
mail of Crustacea, and even the internal skeletons of vertebrates 
to produce a superfluity of dead matter. In some instances spines 
and horns are undoubtedly of genuine protective value, or they 
may be ornamental structures, although the extent to which purely 
ornamental characters without other practical value to the organism 
develop in nature is open to question. In general, such excrescences 
seem like growth-force run riot, as though with the lessening vi- 
tality incident to racial old age, it is no longer adequately con- 
trolled. 

Examples are, among brachiopods, Spirifer, in some species of 
which the hinge-line becomes elongated into spine-like processes, 
and Productus horridus, whose valves are liberally bedecked with 
spines. Among molluscs there are a number of highly spinescent 
types, such as the gastropod Murex and the bivalve Spondylus. 
Among vertebrates there is a group of lizard-like reptiles, Car- 
boniferous to Permian in distribution, members of the order Rhyn- 
chocephalia to which the living relic Hatteria, cited above, also 
belongs. These creatures toward the close of their career were 
characterized by the enormous elongation of the vertebral spines, 
which in extreme cases also bore transverse processes like the yard- 
arms on the masts of a square-rigged ship (see Fig. 149). Hdapho- 
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saurus was perhaps the most remarkable vertebrate from this point 
of view. There seems to be evidence that these lengthening spines 


Ist year 


Fic. 34.—Antlers of stag, showing ontogenetic 
increase in complexity. Series in the British 
Museum (Natural History). (From Romanes’ 
Darwin and after Darwin. Copyright, Open Court 
Publishing Co.) 


were independently ac- 
quired in more than one 
line of descent within this 
group, but in all cases the 
appearance of spinescence 
heralds the extinction of 
the line. 

The dinosaur Stegosaurus 
(see Chapter XX XI) shows 
phylogerontic characters in 
at least two ways—rapid 
increase of size over that 
of allied forms, and a mar- 
velous overgrowth of armor 
plates and tail spines which 
heightens the bizarrerie of 
this most grotesque of 


/ beasts. Stegosaurus again 


is the last of its phylum, 
for no trace of the genus 
has ever been found in 
rocks of later date than the 
Morrison formation which 
produced it. 

The deer are the most 
familiar recent instance of 
spinescence in the bony 
growths known as antlers 
which surmount the brow. 
These antlers, which are 
periodically shed, increase 
annually in weight, com- 
plexity, and number of 
points until the deer is old, 


when they begin to simplify again. An interesting recapitulation 
is shown, for the antlers of a young animal are comparable to those 
of fully adult Miocene deer, those of somewhat later age with those 
of the deer of the Pliocene, while a “stag royal” in his prime bears 
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antlers comparable to those of the Pleistocene and Recent deer. 
Moreover, as one would expect, the deer which attained the maxi- 
mum denclonmen of horns, the great Irish stag or “elk,” is now 
extinct, and we know of no other reason for its extinction than the 
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Fic, 35.—Antlers of deer, phylogenetic series. A, B, Cervus dicrocerus, Mid- 
Miocene; C, C. matheronis, Upper Miocene; D, C. pardinensis, Upper Miocene 
and Pliocene; E, C. zssiodorensis, Pliocene; F, C. sedgwickii, Pleistocene. (From 
Romanes’ Darwin and after Darwin. Copyright, Open Court Publishing Co.) 


racial senescence which the antlers imply. The not infrequent 
interlocking of the horns of two fighting bucks, resulting in their 
destruction by starvation or the attacks of other animals, shows 
that the point of greatest utility as weapons of defense and offense 
has apparently been exceeded, so that the structures are an actual 
menace to their possessor. 

Degeneracy.—Physical degeneracy is another phylogerontic 
trait, this time paralleling certain senile characteristics of the in- 
dividual. Among these is Joss of teeth, which is recorded several 
times: first, among the fishes such as the sturgeon and certain 
deep-sea forms like the “gulper” eel, Macropharynx, which evi- 
dently feeds upon the bottom oozes. The turtles, which are among 
the oldest of living reptiles, had lost their teeth by Triassic time, 
when they first appear in the rocks; the birds, which were toothed 
during the Age of Reptiles, have also been toothless since its close. 
In each of these instances the jaws are sheathed with a horny beak 
variously modified, so that while the turtles are doubtless fewer 
than of old, the birds, except for man’s interference, can hardly 
have begun to wane as a whole, although many races are extinct. 
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Among dinosaurs, three phyla were, at the time of their extinction, 
rapidly losing their dental armament: the sauropod Diplodocus, 
85 feet in length, whose teeth are slender structures no larger than 
lead pencils; Genyodectes, a carnivorous dinosaur of Patagonia; and 
Struthiomimus, one of the same group from the late Cretaceous of 
Alberta and Montana (see Chapter XXXI). Mammals occa- 
sionally show loss of dentition, notably the very ancient egg-laying 
monotremes of Australia and Tasmania and the ant-eaters among 
edentates. 

Another degeneracy is the assumption of an eel-like, elongated 
form which W. K. Gregory tells us has been acquired no fewer 
than forty-four distinct times among vertebrates alone. These 
have been the result of independent or homoplastic evolution, and 
the criteria which in almost every instance distinguish them are: 
anguilliform (eel-like) body with multiplication of vertebra, 
gephyrocercal tail (tapering to a point), reduced pelvic limbs, and 
usually predatory habits. Gregory lists three groups of cyclostome 
fishes, one of sharks, a lung-fish, thirty evolutions among the 
Teleostomi or bony fishes, three among Amphibia, five among 
Reptilia, and one group of mammals, a remarkable record. 


EXTINCTION 


Extinction in phylogeny has two aspects, each of which has its 
equivalent in ontogeny. Of these the one which first comes to 
mind is racial death—the actual cessation of evolution with the 
blotting out of the line. The other is the transmuting of a given 
species into one of higher or more specialized type. The first is 
comparable to individual death, the second to the passing on of 
life to offspring. In each instance, except among the potentially 
immortal Protozoa, the individuals die but the line continues to 
exist. 

Illustrations of the two methods of extinction may be found 
among the Miocene three-toed horses. Some, like the browsing 
“forest” horse, Hypohippus (see Chapter XXXV), died without 
issue, due to increasing aridity of climate and the consequent 
shrinkage of their natural environment and food supply, together 
with the specialization of their teeth for succulent vegetation only. 
Another horse, contemporary with Hypohippus, was Merychippus, 
the blood of which, for aught we know to the contrary, flows in 
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the veins of all existing horses, although Merychippus as such has 
ceased to be and may be reckoned as an extinct animal just as 
truly as Hypohippus. 

In several instances among prehistoric forms extinctions have 
come with startling suddenness so far as our records show, and in 
each instance without known competitors which could possibly 
have worsted the race in an interracial strife. As the representa- 
tives of these forms often showed in one way or another certain of 
the phylogerontic characteristics which have been mentioned, the 
inference is that they died a natural death. ‘ Instances are the 
dinosaurs, of which the first to be rendered extinct were the gigantic 
Sauropoda, Brontosaurus and its kind, who died out long, long 
before the final extinction of the dincsaurs as a whole; and when 
the race had well-nigh run its course, we see some forms gigantic, 
others spinescent, others toothless, and the marvel is, not that 
they died, but that they survived so long, for the years of dino- 
saurian dominance exceeded in number the warriors of 1gr5. 

Another group which seems to have died a natural death were 
the so-called ‘“‘fish-lizards” or ichthyosaurs (see Fig. 62) which 
swarmed in the high seas of the Mesozoic almost from its beginning, 
but died out early in Upper Cretaceous time. Possible competitors 
were the mosasaurs or sea-lizards, whose known remains are con- 
fined to the Upper Cretaceous, but the ichthyosaurs were whale- 
like, not only in appearance but also in inferred habits, and were 
more numerous and widespread in their prime than were the mosa- 
saurs. They certainly could not have been in competition with 
the whales, for a long interval separates the respective times of 
their existence during which, unless the. mosasaurs filled the réle, 
the seas were bereft of whale-like forms. The mosasaurs and 
plesiosaurs died abruptly without apparent cause at the close of 
the Mesozoic, as did the dinosaurs, and, like the latter, showed 
gigantic forms toward the close of their career. 


Causes of Extinction 


The causes of extinction (racial death) as applied to mammals 
have been admirably worked out by Professor Osborn (1906). 
As these laws probably cover nearly all extinction-causes in forms 
other than the mammals as well, they may be briefly summarized. 

Changes in Physical Environment.—These are the changes 
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wrought by the elevation or subsidence of land masses, with the 
resultant formation cr severance of land-bridges, either facilitating 
or preventing migrations, or, by permitting incursions of hostile 
animals, producing competition which can not be withstood. Re- 
striction of habitat, especially insular habitat, also increases compe- 
tition at the cost of the weaker forms. On the other hand, insular 
animals which do survive are isolated from further competition and 
may live long after the general extinction of their kind elsewhere. 
Witness the monotremes of Australia and Hatteria of New Zealand. 

Changes in Climate.—Increasing cold is apparently a very po- 
tent cause for extinction, for while certain forms like the musk oxen 
and the Siberian mammoth may become adapted to vigorous cli- 
mate, many more will fail. The last glacial period was a time of 
wholesale extinction, either as a direct or indirect result of the dev- 
astating cold. 

Increase of moisture diminishes the supply of harsher grasses 
which afford nourishment to the great host of grazing mammals, 
and by far the great majority of hoofed animals extant are of this 
nature. Moisture also fosters the growth of poisonous plants and 
increases the numbers of insect pests and the consequent misery 
which they cause. The latter are often the carriers of disease such 
as the surra sickness and the sleeping sickness, which are fatal to 
domestic horses and, in the latter case, to men. Increase of mois- 
ture also gives rise to forest tracts which may form effective barriers 
to the migration of certain animals, and on the other hand afford 
migratory tracts to the semi-arboreal carnivores like the jaguar. 

Decrease of moisture changes the character of the food supply, 
increases the length and severity of the dry seasons, removes forest 
barriers, thus increasing competition through the permitted migra- 
tion of invading hordes, and actually causes the direct extinction 
of such forms as the primates, which depend upon forests for their 
livelihood. The extinction of primates in North America, with, 
and possibly as a result of, the increasing dryness during the Oligo- 
cene is an historic fact. Diminution of the succulent herbage and 
increase of grasses, which are direct results of moisture diminution, 
favor the grazing but eliminate the browsing forms. An instance 
would be the extinction of the browsing titanotheres and forest 
horses and the great spread of grazing horses, camels, and other 
grass-feeding types in the Oligocene and Miocene epochs. 

Changes in Living Environment.—Competition is inseparable 
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from life, and while the adaptable forms are impelled thereby to 
rapid evolution, the inadaptable often find the competition- too 
severe to be met and perish forthwith. This competition may be 
brought about by one of two ways: by rapid multiplication of cer- 
tain local or native animals, or by the immigration of new animals, 
giving rise to the slow or rapid extinction of certain local forms. 
This may be due to direct competition, as when a mother marsupial 
is attacked by another animal; her young which she is forced to 
carry handicap her greatly in comparison with a placental mother, 
and her destruction means also that of her young. The food supply 
of larger forms may be destroyed by smaller grazing mammals. 
St. Helena, once heavily wooded, has been rendered a barren rocky 
island through the introduction of goats by the Portuguese in 1513, 
as they destroy the seedling trees and hence when the old ones 
died there were none to take their place. This must have had a 
profound effect upon the native forest-dwelling fauna. 

Restrictions of island life result in the dwarfing of native forms 
through hard conditions and competition, as for example in the 
Shetland ponies, which are dwarfed far below the standard of their 
species. Certain islands in the Mediterranean, Cyprus, Malta, 
Sicily, and Sardinia, have yielded the remains of Pleistocene dwarf 
elephants, all of which are now extinct. These islands are relics 
of old migratory routes. 

The introduction of higher carnivorous mammals often brings 
extinction to lower forms of a less well-equipped type. The en- 
trance of the dingo, a placental dog presumably of Asiatic stock, 
may well have been the cause of the extinction of the native mar- 
supial “wolf,” Thylacynus, in Australia (see also page 108). Thy- 
lacynus is now confined to Tasmania whither the dingo has not 
yet penetrated, but its remains are found in superficial deposits 
in Australia, showing it to be only recently extinct. The migra- 
tions of the saber-tooth tigers into South America during the 
Pliocene probably were a supplementary cause of extinction of the 
giant sloths Mylodon and Megatherium. 

Internal Causes.—Inadaptive structures such as the highly 
specialized teeth of browsing quadrupeds like the titanotheres, con- 
formable only to the needs of a browsing form and incapable of 
supplying subsistence when the forests shrank and the grasses 
became dominant, may well have been an important factor in their 
sudden extinction. Unprogressive feet, such as those of the Am- 
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blypoda, archaic ungulates, could not bear their owners to the 
evolutionary goal when the competitors were the swift-footed fore- 
bears of modern hoofed animals. Large size, aside from its indi- 
cation of racial senescence, is in itself a menace, as it requires more 
food for its sustenance and there goes with it slow breeding and a 
long period of adolescence which multiply the creature’s chances 
for destruction before it can procreate its kind. 

Extreme specialization always greatly increases the creature’s 
risk, for the unspecialized frequently survive where the specialized, 
whose dominant organs tend to over-development, perish. 

Osborn gives four measures of mental capacity in extinct types: 
(rt) absolute size and weight of brain, (2) convolutions, (3) propor- 
tionate size of frontal lobes of cerebrum, the seat of intellect, (4) 
ratio of brain to body weight. Among mammals especially a 
premium has been placed upon mentality ever since their initial 
evolution, and the shrewder of two competing groups generally 
wins. In the competition of dingo and thylacine mentioned above, 
relative mentality, which is notably deficient among marsupials, 
may well have been the deciding factor. In the old-time competi- 
tion of archaic and modernized mammals (see Chapter XXXII) 
the former were handicapped by inadaptive feet, teeth, and brain, 
and the last count especially was the one upon which they stood 
condemned. 

Osborn thus concludes: “Following the diminution in number 
which may arise from a chief or original cause, various other causes 
conspire or are cumulative in effect. From weakening its hold 
upon life at one point an animal is endangered at many other 
points.” 
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SECTION 2. MorpHoLocy AND ADAPTATIONS 


CHAPTER XV 
COLORATION AND Mimicry 


COLORATION 


Everyone, whether a trained observer or not, has been struck 
with the wonderful range of colors borne by different members 
of the animal kingdom, and this is especially true in the tropics, 
where riotous color is the rule. In New England, on the other hand, 
conspicuous coloring is relatively rare. 

To the student of Biology, coloration of animals is of striking 
interest, for much of it is intelligible as part of the great adaptation 
scheme of nature; but all colors are not adaptive and sometimes it 
is impossible to account for the existence of certain hues from the 
standpoint of utility. Our first question therefore is as to the 
means whereby color is produced, a which we may pass to a 
discussion of its significance. 


Color Production 


Color in nature is the result of some sort of interference with 
the beams of white light, either through the absorption of certain 
of the component rays, allowing others to be reflected to the eye, 
or by some arrangement of surface sculpturing or prismatic glass 
which refracts a beam of light and breaks it up into its constituent 
rays. The first method is chemical, by means of the absorptive 
powers of pigment, and the second is physical. 

Pigment is found in nearly all portions of an animal’s anatomy, 
not only on the surface but in the deeper lying parts as well. In 
some instances the color is merely due to the absorptive powers of 
the chemical substance of which the tissues are composed, as for 
instance, the hemoglobin, a compound of iron which gives the red 
color to the blood of the vertebrates and certain worms, or hemo- 
cyanin, which gives the blue color to the blood of the octopus. Both 
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of these substances have a respiratory function, as they are the 
oxygen-carrying media of the blood, and their color is determined 
just as that of any mineral or chemical substance is determined 
and has*no other significance to the animal in which it is found. 
Again, the pigment may be external and give a color to the organism 
which may have a real value in the struggle for existence. Such 
pigment seems to be primarily for that purpose, and the cells which 
contain it are differentiated into plain pigment, which gives an 
unchanging hue to the animal, that is, one incapable of rapid tem- 
porary alteration, and chromatophores or changeable pigment 
spots, such as produce the flushes of color which pass over the 
skin of a chameleon or of a squid. These are cells which have 
radiating fibers lying in a plane parallel to the surface of the skin. 
During a period of relaxation the mass of pigment lies deep and 
thus presents but a small visible area; upon contraction of the 
fibers, however, the pigment is spread over a greater portion of the 
surface and thus is manifest to the eye. Two sets of contrastingly 
colored chromatophores, such as brown and green, expanding al- 
ternately, change the general hue of the animal from brown to 
green or the reverse as the case may be. The chromatophores are 
under the control of the nervous (sympathetic) system and produce 
color changes, as for instance in the African chameleons or the 
American lizard, Anolis, the false chameleon of the southern states. 

Physical Colors.—Another change or play of colors is caused 
by surface sculpturings, usually in the form of finely incised parallel 
lines, often running in more than one direction. The device is 
comparable to that used by physicists for spectrum analysis, and 
known as the Rowland grating. This instrument is generally made 
of spectrum metal which does not readily tarnish, upon which are 
ruled, with an engine of highest precision, some ten to twenty or 
even forty thousand parallel lines to the inch. A beam of light 
falling upon such a grating is broken up into its component colors, 
giving the rainbow effect known as the spectrum and comparable 
to that produced by the passage of the beam through a crystal 
prism. The sculptured surface of a beetle’s wing or the scales upon 
that of a butterfly or the feathers of a humming bird’s throat pro- 
duce the same result, except that instead of a series of colors such 
as those of the rainbow, but one may be seen from a given point, 
and this changes to another when the angle of vision is changed. 
The tropical butterfly Morpho ranges from blue to a greenish hue, 
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while the ruby-throated humming bird or the neck of some pigeons 
changes from a brilliant metallic red to a lustrous green. The 
scales of Morpho when seen under the microscope exhibit two sets 
of strie perpendicular to each other, which accounts for the play 
of single colors rather than a spectrum, due to their mutual inter- 
ference. Strangely enough, the actual color of the scales as seen 
by transmitted rather than refracted light is neither green nor 
blue, but brown. 


Biological Significance of Color 


Indifferent Colors.—From the biological standpoint, the colors 
of animals may be considered under various heads. Of non-selec- 
tion value but possibly of vital importance to certain ancestors of 
different environment are certain so-called ‘indifferent colors.” 
Of such would be the brilliant scarlet of some of the filaments or 
fin-rays of certain deep-sea fishes (Gunther). These colors are 
borne by heredity, and as they are not detrimental, being in- 
visible in the Stygian darkness of the deep sea, they are not elimi- 
nated. Colors or markings such as the spots on the uniformly black 
fur of a melanic leopard (see below), or those sometimes seen 
in the coat of a domestic horse are further illustrations. 

Albinism is total absence of color in hair, feathers, or skin, and 
even in the iris of the eye. The latter permits the color of the 
blood to show, causing the pink eyes so characteristic of pure al- 
binos. The hair and feathers are white because the tiny spaces 
which normally should be filled with pigment granules are full of 
air, which reflects all of the light rays just as froth or sea-foam does. 

Melanism is the reverse of albinism, for instead of absence of 
pigment in the skin there is a profusion of black coloring, giving a 
- totally black hue to the entire animal. In both albinism and 
melanism color markings may be plainly visible, but in the same 
manner that the pattern shows in a piece of brocade or damask 
fabric. An albino peacock, for instance, whose feathers are en- 
tirely white, shows the eye-like markings so characteristic of the 
tail plumes of the normal bird, and the black leopard, as has been 
said, shows the spots in the same way. 

Both albinos and melanos often arise as sports or saltations in a 
brood or litter of normally colored individuals. That they are 
blastogenic variations is evident, for not only are they heritable 
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mutations but they follow Mendel’s law in the ratio of their appear- 
ance. Certain races of albino birds and mammals have been es- 
tablished among domestic forms, such as white mice, rabbits, 
chickens, and pigeons. In nature they should be distinguished 
from normally white or black species such as the various white 
species which inhabit the snowclad Arctic regions. Lack of pig- 
ment shows every degree of gradation from pure white through 
blotched or piebald individuals to those which show but faint 
traces of white. 

Valuable colors are such as evidently serve a direct physiological 
need. They have been classified under the following heads accord- 
ing to the uses to which théy are put: 

Sympathetic colors 
Protective, of the hunted 
Aggressive, of the hunter 
Alluring colors (see under aggressive mimicry, page 245) 
Warning colors 
Mimetic colors 
Signal and recognition marks 
Confusing colors 
Sexual colors. 

Sympathetic coloration is that wherein the hue of the animal 
harmonizes with its surroundings in such a way that it blends into 
the background and loses its conspicuousness in order to escape 
from its enemies or to lie in wait for its prey, as the case may be. 
To the first, the name protective coloration is applied, as in the 
case of an Arctic hare, while the second group may be called ag- 
gressively colored, the Arctic fox being an example. In the final 
analysis, however, both are protective, as it is just as essential to 
the fox that he be protected against starvation as it is to the hare 
that he be protected against slaughter. 

The same species may vary in color in two ways, known re- 
spectively as local colors and seasonal colors. In the first the species 
has a wide range over areas varying in general hue, so that the 
ground color of the animal, if sympathetic, must also vary to har- 
monize. Several grasshoppers (Acrididz) whose hind wings are 
brilliantly colored red or yellow have the fore wings, beneath 
which the hinder ones fold when at rest, as well as the remainder 
of the body, colored to harmonize with the earth. Those found 
upon the area of the red shale in New Jersey, for instance, will 
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have reddish brown fore wings, while the same species near the 
sea-shore will be light gray to harmonize with the prevailing sands. 
The gazelle, one of the most wonderful instances of desert adapta- 
tion, varies from white on the great sand plains to dark gray on 
the lava fields of volcanic districts. Among the hawk-moths the 
caterpillar of that found on the convolvulus (Sphinx convolvuli) 
when full grown is either green like its food-plant or brown like 
the ground beneath. It thus shows a double adaptation, each 
phase of which is apparently capable of protecting it to the same 
extent; as a matter of fact, however, the brown color is more ef- ’ 
fective than the green, as we may learn from two facts. In the 
first place, the four young stages of the caterpillar are green, and 
it only becomes brown in the last stage, though sometimes even 
then it remains green. This suggests that the brown is a rela- 
tively modern adaptation, and probably would not have arisen 
had it not been better than the original green. In the second place, 
the green-colored caterpillars are much less numerous at present 
than the brown ones, and this implies that the latter survive oftener 
in the struggle for existence (Weismann). 

Another still more remarkable case is that of the esop-prawn, 
Hippolyte, described by Gamble: “The wakeful hours of Hippolyte 
are hours of expansion. The red and yellow pigments flow out in 
myriads of stars or pigment cells [chromatophores]: and according 
to the nature of the background, so is the mixture of the pigments 
compounded to form a close reproduction both of its color and its 
pattern: brown on brown weed, green on Ulva or seagrass, red on 
the red Alge, speckled on the filmy ones. A sweep of the shrimp 
net detaches a battalion of these sleeping prawns, and if we turn . 
the motley into a dish and give a choice of seaweed, each variety 
after its kind will select the one with which it agrees in color, and 
vanish. At nightfall, Hippolyie, of whatever color, changes to a 
transparent azure blue: its stolidity gives place to a nervous rest- 
lessness; at the least tremor it leaps violently and often swims 
actively from one food-plant to another. This blue fit lasts till 
daybreak, and is then succeeded by the prawn’s diurnal tint. 
Thus the color of an animal may express a nervous rhythm.” 

A number of birds and mammals such as the ptarmigan, the 
Arctic fox, the varying hare, and the weasel which puts on royal 
ermine for its winter dress, show a change of color from summer 
to winter, harmonizing with the browns of leafy soil or rock in 
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summer and with the snow-covered ground in winter. The im- 
mediate stimulus to change on the part of the individual may well 
be increasing warmth or cold as the case may be, but temperature 
change is not believed to be the direct cause of the original assump- 
tion of the adaptation, for the common European hare, Lepus 
timidus, does not change its coat in spite of the cold. On the other 
hand, the varying hare, Lepus variabilis, also remains brown 
throughout the winter in southern Sweden, although the weather 
there may be exceedingly cold. In the higher Alps the same species 
remains white for six or seven months, in the south of Norway 
for nine months, and in northern Greenland it is always white, 
as the snow rarely melts, except in localized areas, even in summer. 
The lemmings also turn white in winter but experiments have 
shown that a captive lemming kept in a room in winter will not 
change color until exposed to the cold, the cold acting as a stimulus 
which incites the skin to the production of white hairs. 

Standard Faunal Ground Colors.—It has been found that each 
of the several different life conditions under which animals are 
found is apt to make its impression upon its denizens in certain 
definite ways so that their habitat is usually readily inferable from 
their general appearance, and this is notably true of color. For 
example, the desert animals are generally duns or grays such as 
the gazelle already referred to, the camel, and the lion. Plains- 
dwelling forms are apt to simulate the color of dry grass, as in the 
case of the familiar “buckskin” horses which become invisible 
at distances at which black, bay, or white horses are readily seen. 
Jungle folk are often striped like the tiger or zebra, highly con- 
spicuous forms when viewed in the menageries, but with colors 
which simulate the bars of sunlight and the lights and shadows 
among the tall jungle grasses. In the open, on the other hand, 
Roosevelt tells us that a little distance away the zebra’s stripes 
become indistinct and he appears a uniform gray. Forest-dwelling 
forms are apt to be dappled, giving the effect of the splashes of 
sunshine caused by the pencils of light which fall through the inter- 
stices of the leaves. Instances are the leopard and jaguar, the 
fallow deer, the boa among serpents—although here the pattern 
is more definite but wonderfully harmonious. Some forms like 
the Virginia deer, the tapir, and the lion are spotted when young 
but more uniformly colored when adult, which may well be of 
ancestral significance. Many forest insects are green, simulating 
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the chlorophyl of the leaves very closely. Birds of temperate 

climates are rarely so, but in the ever green forests of the tropics 
green birds of many different and unrelated families are abundant. 
Green insects can hibernate during the sere months in northern 
lands, but green birds, unless they be migrants, would be highly 
conspicuous when the trees are leafless. 

Arctic creatures are apt to be white, except the aquatic forms 
like the seals and walrus, and certain of these (Phoca spp.) are 
white when very young. But if a polar bear were brown or black 
he would inevitably starve, and on the other hand, a white animal 
away from the snow fields would be equally hard put to it to make 
a living. 

Sea and air mark their inhabitants alike, that is, if they are 
aggressive or wandering forms. Many sea birds are steely gray 
or blue above and white beneath, which makes them harmonize 
with the sea when viewed from above and with the sky when seen 
from below. Among the forms thus colored are the gulls and terns. 
Many fishes such as the blue-fish and mackerel are similarly colored 
and for like reasons, even though they are aquatic rather than 
aérial. One curious instance is cited of a pelagic snail, Glaucus, 
which floats belly upward on the surface of the sea. Here the 
_ colors—blue on the ventral and silver-white on the dorsal side— 
are reversed with reference to the snail’s anatomy, but correct 
from the standpoint of its life habits. 

Nocturnal creatures also wear a proper uniform of mottled brown 
or gray such as one sees in the wild-cat or owl, which renders their 
prowling owner very difficult of discernment in the dim light, even 
to those with night-adapted vision. 

Warning colors are the conspicuous reds and yellows such as one 
sees upon the bodies of poisonous or unpalatable animals’ like the 
hornet, coral snake, tiger salamander, Gila monster, and many 
caterpillars and butterflies. These creatures are practically im- 
mune from attack if they are recognized in time, so that the adver- 
tisement of their dangerous nature must be a very conspicuous one. 
It does not profit a nauseous butterfly if it is not eaten after it is 
killed, it is the killing that must be avoided, and a single stroke of a 
bird’s beak might well be sufficient to render the butterfly hors de 
combat. Its character must be recognized at once before the chance 
of fatal injury occurs. It may be that a few fatalities are necessary 
in order to impress each individual bird; on the other hand, the 
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inherited instinct which we discussed in Chapter XI may warn the 
bird that conspicuously colored animals are to be left alone, or 
tradition may take the place of instinct. At all events, most prey- 
ing animals do recognize and avoid the warningly colored forms 
within the scope of their natural environment, but may have to 
learn by bitter experience to avoid strange enemies. Experiments 
go to show that when hungry animals have been duped once or 
twice by having conspicuously colored unpalatable caterpillars 
offered to them, they learn to discriminate and the coloring aids 
very largely in the attainment of this lesson. This is even true of 
the unintelligent fishes. 

While the warning coloration may well be the result of natural 
selection, it has been suggested that very abundant deposition of 
a waste-matter pigment may render an animal at once unpalatable 
and conspicuous. This, however, would not account for the mimetic 
coloring to be discussed later (page 244) which renders a palatable 
insect conspicuous and therefore immune from attack, nor does it 
seem sufficient to account for the development of warning colord- 
tion in edible forms endowed with weapons of defense. 

Warning coloration sometimes carries with it the assumption 
of an attitude which heightens the effect and may be designed to 
strike terror to the enemy’s heart. Such for instance is the spread- 
ing of the “hood” of the spectacled cobra (cobra-de-capello) in 
which the flattening out of the ribs of the neck region displays the 
conspicuous markings upon its dorsal side to advantage. A small 
moth, Smerinthus, has large eye-like spots on the hinder wings which 
are concealed by the forward pair when the insect is at rest; when it 
is annoyed, however, the wings are raised in such a way that the 
great, staring, eye-like markings are displayed, an exhibition which 
must greatly impress the would-be assailant. 

Mimetic coloration will be discussed at greater length later in 
this chapter (pages 241-245). In brief, it is a color resemblance be- 
tween an animal and any other object, animate or inanimate. It 
may be either such as to conceal or it may be a warning coloration, 
but in the latter instance it is merely a “bluff” though never- 
theless of highly effective defensive value. 

Signal marks are apparently of very great importance among 
gregarious animals where mutual aid in time of danger is a charac- 
teristic. A herd of Virginia deer may be quietly grazing when one 
of the number becomes aware of danger. As he starts off, up goes 
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the tail like a signal flag, showing the conspicuous white of the under 
side and the adjacent parts of the animal’s body which the lowered 
tail had covered. This acts as a warning to the others and in an 
instant the herd is in full rétreat. The American antelope (An- 
tilocapra) have conspicuous areas of white hair on either rump 
which can be flashed in a similar manner through a spreading of the 
hair which reflects more light and forms a very effective danger 
signal. A still more familiar example is that of the cottontail 
rabbit, Lepus sylvaticus, whose signal flag gleams in the dusk and 
shows its young the way to safety. In each instance the signal is 
instantaneous, which may be of vital importance to the safety of 
the individuals. 

Recognition marks are such as the red and orange spots on the 
side of a brook trout (Salvelinus fontinalis) which render it so 
beautiful a fish. In general the trout obeys the law of sympathetic 
coloring, a lurking fish in a shadowy pool being almost invisible 
to the enemy above, as his dusky back is as harmonizing from that 
point of view as his light-colored belly would be from below; but 
to creatures of his own kind and at his own level the characteristic 
speckledness is clearly discernible. These recognition marks are 
also borne by many insects and are often, as in the case of many 
-butterflies and moths, visible only when the animal is in motion, 
for then no amount of protective coloration will avail its owner. 
Under such circumstances the sympathetic colors are on the exposed 
portions of the animal as it rests with wings folded, that is, on the 
upper surface of the fore wings in moths and the under surface of 
both pairs in butterflies, for in the former group the hind wings are 
folded beneath the fore, which lie roof-like against the sides of the 
body, while the butterflies bring the upper surfaces of the erectly 
held wings together, thus exposing their under surface. 

Confusing Coloration.—With many forms such as the moths 
and butterflies which we have just described, the recognition color- 
ing may be very conspicuous, so that during flight, when no pro- 
tective coloring would avail, the eye follows it readily. A sudden 
settling of the insect, the brilliant color instantly disappears, and 
one loses sight of the insect completely, since its exposed coloring 
now harmonizes with the support on which it rests. Were the eye 
to follow the sympathetic color during flight, the resting insect 
would be much more readily discerned, but the sudden disappear- 
ance of the conspicuous color is highly confusing to a human ob- 
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server, who looks in vain for the colored object and overlooks it 
in its transformed state, and the same must be true of pursuing 
creatures as well. The Catocala moth, with red-banded hind wings, 
is an instance in point, and this coloration is not at all confined to 
insects, as certain somber-colored lizards have brilliant color on 
the under side of the tail, which the eye follows and loses as the 
creature stops after one of its lightning runs and lowering the 
tail crouches in the sand, with which it now harmonizes to per- 
fection. 

Sexual Coloration.—As we learned in the chapter on sexual 
selection, the males of birds and other forms are often much more 
conspicuously colored than their females, as for instance, the car- 
dinal bird with his gorgeous red nuptial plumage as compared with 
his soberly garbed mate. Other similar contrasts are seen in the 
oriole, bobolink, several ducks such as the wood duck and the 
eider, in the wild progenitor of domestic fowls, and in the related 
pheasants. Why the males are conspicuous is perhaps not so clear, 
but the protective coloration of the female must be of prime im- 
portance to the race, especially if she is nesting or a potential 
mother. The young males which have not yet reached sexual 
maturity are also protectively colored, so that in many cases it is 
extremely difficult except through anatomical examination to 
distinguish the young male from the female bird, even though the 
color contrast is so marked in the fully adult. 

The spotting of young animals such as the deer, lion, and puma 
is well known. The young tapir is similarly marked. The jungle 
fowl, the ancestral stock of our domestic chickens, are colored in 
their adult life much like the game cock. The newly hatched chicks, 
on the other hand, instead of being plain yellow or dark-colored as 
in most domestic breeds, bear two dark longitudinal stripes along 
the back. That all of these infantile colors are of superior protec- 
tive value to those of the adult, especially under the conditions sur- 
rounding babyhood, is, in many instances, evident, but some may 
well be more of historic than of immediate significance. 

In a higher insect such as a moth or butterfly, egg, larva, pupa, 
and adult may each have a protective coloration suited to the im- 
mediate environmental need and differing markedly in each suc- 
cessive stage. That these colors aid in increasing the percentage 
of survival in each of the several stages is evident. 
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Cause of Coloration 


Some coloration is doubtless dependent upon the chemical ma- 
terial of which any organism is composed and the hue is due en- 
tirely to the absorptive powers of that substance; since oxide of 
iron is red, so is the blood of vertebrates, and since copper oxide is 
bluish green, so is the blood of the octopus, and so on. In many 
cases the color of internal organs may be due entirely to the nature 
of the food consumed; thus the flesh of brook trout caught in cen- 
tral Massachusetts where there are few crustaceans available for 
food is pale, whereas trout from the Adirondack lakes where craw- 
fish are abundant have flesh of a deep salmon pink. The bones of a 
gar-pike are green in color through the deposition of green vivianite 
under certain physiological conditions. Thomson says that ‘the 
pigment substances are primarily waste-products, reserve-products, 
or by-products of the animal’s metabolism, and in many instances 
the colors have no more significance for their possessors than the 
gorgeous autumnal tints of withering leaves have for the tree— 
that is to say, none!” 

Pigment, aside from its protective or warning significance, may 
have other very real values. Such for instance are the definitely 
localized spots of coloring matter which are sometimes associated 
with end organs of the nervous system. ‘This pigment absorbs 
light, indirectly stimulating the nerve, and thus acts as a light- 
percipient organ. All eyes have this for their basic principle, but 
in some instances accessory organs which are not strictly speaking 
eyes and yet have a light-perceptive value are thus formed. 

Other pigments found in fur or feathers may serve to absorb or 
reflect heat and thus be of value to the owner in addition to the 
function of sympathetic coloration, such for example as the pale 
grays of the denizens of the desert. Again, dark pigment such as 
that in the negro and other dark human races serves to cut off the 
ultraviolet rays of light which from their physiological action 
cause such discomfort to humanity. Hence a colored man under a 
tropic sky is less liable to sunstroke than a fair one, and the develop- 
ment of human pigment, which is said to bear a direct ratio to the 
number of sunny days in a year in a given region, may well be due 
to the working of natural selection in eliminating the lighter colored 
individuals rather than to the inheritance of the direct effect of 
the sun’s rays in the production of pigment. 


240 ORGANIC EVOLUTION 


The structural features, striz and the like, which give rise to the 
physical play of iridescence, have been compared to ripple-marks 
or rhythms of growth such as the growth-lines on a shell, and the 
same may be true of the color when it is laid down in concentric 
lines or cross-bars. 


Value of Coloration 


The value of coloration to the animal is in many instances a 
very real thing and must play an important part in determining 
the creature’s chances for survival. That it is not in every case 
operative, however, is undeniable, for, as Roosevelt says, speaking 
especially of the higher animals, some have so wide a range of ac- 
tivity, continually passing over such totally different landscapes 
and among such totally different surroundings, that the difficulty 
of devising a concealing coloration would be enormous (1911). 
Nevertheless, if the color was such as to protect the bird or animal 
at critical periods, not only from the standpoint of its own in- 
dividual protection, but also from that of the race, as for instance 
during the bringing forth of the young or the incubation of the 
eggs, its value would be abundantly proved even though at other 
times the protection afforded was inadequate. 

Whatever may be the initial cause of color, its final perfection 
of adaptation for concealment, warning, or whatsoever service 
it may render may well be the result of the natural selection factor. 


MIMICRY 


Of all the devices adopted by nature for the protection of her 
_ children none is so marvelous in its perfection as those which are 
included under the head of mimicry—the resemblances which 
organisms bear to others and to inanimate objects in form, color, 
attitude, and action, thereby either escaping observation or ad- 
vertising an apparent harmfulness which is not at all real. 

Just as coloration of animals was classed as protective and ag- 
gressive, so we may consider two aspects of mimicry, the protec- 
tive mimicry being as before divisible into concealing and warning 
and the aggressive into concealing and alluring. Mimicry may be 
further divided into unconscious or passive, under which head by 
far the greater number of mimics fall, and wherein form and color 
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make up the resemblance; and conscious or active, in which by 
its actions the mimic imitates the immune model. 

Almost anything may be mimicked, from a wave-worn pebble 
to a twig of a tree or an active harmful insect. Thus all the king- 
doms of nature, the inorganic, plant, and animal, furnish the host 
of models to be imitated where immunity is sought. 

Protective mimicry, as we have seen, has two aspects, conceal- 
ment and warning, of which the first is by far the most common. 
An example is the crab Cryptolithodes whose smooth rounded form 
and texture and white color harmonize so perfectly with the white 
quartz pebbles of beach shingle that one needs must turn the 
animal over, generally by accident, to see its real organic character 
as a living form. The immunity which it thus secures from enemies 
of its own humble station must be of real protection, though doubt- 
less it is occasionally crushed by a larger form. Its mimicry is 
certainly unconscious, as action betrays its presence and stoical 
passivity is essential to safety. Another crab resembles wave- 
worn dead coral very closely; here, as the animal is carnivorous, 
the concealment may have a twofold purpose, protection against 
its enemies and aid in securing its prey. 

The geometrid moths, whose caterpillars (see Fig. 32) are the 
familiar measuring worms, are often not only protectively colored 

_ but may mimic the twigs and smaller branches of various plants 
such as clematis, the birch tree, the pear tree, and many others. 
That on the birch, the caterpillar of Selenia tetralunaria, when it 
needs particularly to escape observation, grasps the branch with 
its two hinder pair of prop-legs and throws its body outward at an 
angle, in a rigid posture as though in a cataleptic state. Details 
of resemblance are now apparent, not only in color and form but 
in excrescences which simulate the latent buds of a twig, while 
the somewhat pointed head and feet resemble terminal buds. So 
perfect is the resemblance and so long maintained the posture that 
even a trained observer often fails to see the creature or to be 
sure of what he sees until he actually touches it. Such mimicry 
is in the main unconscious, that is, in the color and form, but as 
action precedes the inaction of the mimicking pose it is also in part 
a conscious one. 

Yet another geometrid moth, Schizwra mucronis, carries the mim- 
icry still further, for not only does the rough-barked caterpillar 

"mimic the twig to perfection, but the moth does also, although 
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somewhat less effectively. The latter rests head downward against 
the bark of the actual limb with the stiffened body held out at an 
appropriate angle, the wings being folded around the abdomen 
in such a way as to heighten the resemblance. 

Many moths mimic the rough bark in color when in an ordinary 
resting posture 
upon it, but with 
them it is a matter 
of color mimicry 
only. 

Many of the 
' walking-stick — in- 
sects (Phasmide) 
are also close mim- 
ics, with their 
slender body, at- 
tenuated limbs, 
sympathetic colora- 
tion, and slow movement, often stiffening into rigidity as do 
the geometrids. When moving, some of the walking-sticks have 
a peculiar tottering gait, but in one instance in Texas, while the 
shadow of the insect could be clearly seen upon the shadow of a 
bush because of this characteristic, only careful search revealed 
the creature in substance upon the bush itself. All of the American 
species of phasmids are wingless and there are comparatively few 
of them, but in the tropic and subtropic regions of the earth over 
six hundred species are known, many of which have other protec- 
tive resemblances, some of them marvelous indeed. Perhaps the 
most perfect example is the leaf insect Phyllium (Fig. 36). Here 
the wings and flattened and expanded body and limbs are all green 
except for irregular small yellowish spots which simulate the fungus 
or rust growths upon a leaf so that the total resemblance is very 
precise. 

Many butterflies are also leaf-like in appearance, simulating not 
only the general hue of a dead or withered leaf but its petiole, 
midrib, venation, rust spots, and the clear places which sometimes 
occur in a diseased or injured leaf. One such butterfly is Ceno- 
phlebia archidona from Bolivia, in which the upper outer angle of the 
fore wing forms the apparent stem or petiole of the leaf; the most 
noteworthy instance, however, is that of Kallima paralecta from 


Fic. 36.—Phyllium, “walking leaf,’ an example of insect 
mimicry. (After Doflein.) 
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India (Fig. 37) in which the hinder wings are prolonged into the 
stem-like structure, and the other leaf-like markings are carried 
to an extreme of perfection. This butterfly is strikingly colored 
above, blue-black with a reddish yellow or bluish white band, the 
recognition markings of the species. This coloring is seen in flight. 
On the instant of alighting, the insect ; 
practically disappears, for now the 
wings are folded together so that only 
their protectively colored under surface 
is exposed. This is deceptively like a 
dead and sere leaf due to its color, in 
which red and brown alternate with 
occasional spots bereft of scales which 
simulate dewdrops. In addition there 
is seen the midrib and often the lateral 
ribs of the leaf, and black and mouldy a, 
spots also occur. 
Warning Mimicry.—Some of the 
most remarkable mimicry of all is in- 
cluded under the caption of warning 
mimicry—mimicry of advertisingly col- 
. ored forms which are distasteful or even 
poisonous either when devoured or 
through the possession of poisonous a. 
fangs. Among reptiles there are cer- NS 
tain brilliantly colored poisonous snakes Fic. 37—Dead-leaf butterfly, 
of the family Elapidze to which the ee eee from India. 
; (After Weismann.) 

deadly cobras belong. These snakes 

are of the genus Flaps and are confined entirely to America. 
They are beautifully colored, often in red and black alternating 
bands which in the coral snake are edged with yellow. While 
they possess a strong poison they are practically harmless to 
man because of the limited extent of the gape. Each of the sev- 
eral species of poisonous coral snakes is mimicked by other species 
of harmless snakes belonging to different genera, and while the 
markings are in no case exactly similar, the approximation is suf- 
ficiently close to render the imitators practically immune from at- 
tack except perhaps by mankind. Many other harmless snakes 
such as the hog-nose snake (Heterodon), while not colored exactly 
like poisonous ones, will nevertheless flatten the head, rendering 
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it triangular, and hiss and often strike to show how very dangerous 
they are. With lower animals this doubtless gives them a certain 
immunity from attack but on the other hand only serves to invite 
destruction at the hand of man. The mimicry in the case of those 
species which imitate the coral snakes is unconscious or passive, 
that of Heterodon is conscious as it depends upon the actions of the 
snake to make it effective. 

Among insects again there are a host of imitators, both active 
and passive; those which mimic their models in form, color and 
action, such as the hairy, brilliantly colored syrphus- or flower-flies 
which resemble the stinging bees and wasps; beetles which re- 
semble wasps; clear-wing moths which mimic bees, and soon. Some 
of the most remarkable imitations, again, are among the butterflies, 
which resemble other distasteful and hence immune butterflies. 
The most familiar instance is that of the immune monarch butter- 
fly, Anosia plexippus (=Danais archippus), which is inedible, and 
its imitator, the viceroy, Basilarchia archippus (=Limenitis disip- 
pus), which would otherwise be destroyed, as it is palatable from 
the point of view of insectivorous birds. 

Sometimes only the female of a butterfly will mimic an immune 
model, the male being colored in a totally different way (dimorphic 
species). Again in widespread species more than one form of fe- 
male will be associated with a given male, each female mimicking 
an immune species which happens to be locally abundant. In 
Africa the Danaid butterflies are unpalatable, while the Papilios 
are not. Papilio merope is a species “which in the course of its 
distribution through Africa, has scarcely varied at all in the male 
sex, but in the female has almost everywhere lost the outward 
appearance of a Papilio, and has assumed that of a Danaid, which 
is protected by being unpalatable, and not even everywhere the 
appearance of the same species, but in each place that of the pre- 
vailing one, and sometimes of several in one region. These females 
thus show at the present day a polymorphism which consists of 
four chief mimetic forms, to which has to be added the primitive 
form—that resembling the male. This has survived in Abyssinia 
alone, and even there it is not the only one, but occurs along with 
some of the mimetic forms”’ (Weismann). Thus while in a general 
way the different types of female are locally separate, their areas 
of distribution often overlap, and, at the Cape for instance, one male 
and three forms of female have been reared from one set of eggs' 
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Aggressive mimicry is that shown by certain carnivorous forms 
such as the spiders found on golden-rod and other flowers, and 
whose yellow bodies so harmonize with the flowers upon which 
they rest as to render them invisible to the visiting insects which 
form the spider’s prey. Other spiders resemble oak galls or other 
vegetable growths, yet others the droppings of birds, all of which 
resemblances have the same ulterior design. These are all instances 
of concealing mimicry. 

Another spider is described as resembling an orchid blossom 
more or less closely, both in color and form. In this instance 
the resemblance is an alluring one and is advertising rather than 
sympathetic. It is doubtless a highly profitable adaptation to 
_ the spider. Another similar adaptation is that shown in a cer- 
tain African lizard, protectively colored except for a brilliant 
patch of color at the corner of the mouth which acts as a lure for 
the unwary. 

Simulation of Death.—But one aspect of mimicry remains to be 
discussed, again a conscious imitation, that of simulating death. 
This has been developed to such a fine art in the American opossum 
(Didelphis virginiana) that the act is known in common speech as 
“playing ’*possum.”’ Whether it is an intentional performance on 
the part of the creature, or whether, as has been suggested, the 
animal faints away from fright, in which event it could hardly be 
called conscious mimicry, it certainly is again an adaptation of 
real value to its owner and may often save its life when attacked 
by an enemy that prefers to kill its prey. Many insects, especially 
hard-bodied beetles, whom a fall will not injure, have a similar 
habit, as they drop like a pebble when one is about to seize them 
and lie inert where they fall and are often searched for in vain 
among the leaves and grass beneath the bush upon which they were. 
This may be, as in the case of the opossum, an actual unconscious- 
ness, but is even more efficacious as the animals are so hard 
to find. 

Wallace’s Conditions for Protective Mimicry.—Wallace long 
ago summed up the conditions which must be fulfilled whenever 
protective mimicry occurs. They are as follows: 

1. Imitative species must occur in the same area and occupy 
the same station as the mimicked. 

2. The imitators are always the more defenseless. 

3. The imitators are always less numerous in individuals. 
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4. The imitators differ from the bulk of their allies. 

5. The imitation, however minute, is external and visible only, 
never extending to internal characters or to such as do not affect 
the external appearance. 

Causes of Mimicry.—Weismann, the leader of the Darwinian 
school, makes natural selection the only factor in the production 
of mimicry, arguing with Bates that the great likeness, such as 
occurs between the white butterflies and the nauseous Heliconiide, 
would depend on a process of selection, based on the fact that, in 
each generation, those individuals would on the average survive 
for reproduction which were a little more like the model than the 
rest, and thus the resemblance, doubtless slight to begin with, 
would gradually reach its present degree of perfection. In opposi- 
tion to this it has been argued that the mimicry to be of any selec- 
tion value must be practically perfect at once, and the minute 
or trivial variations such as the exponents of natural selection postu- 
late would be of no possible survival value in mimicry. On the 
other hand, that masterpiece of mimicry, Kallima (see Fig. 37), 
goes too far, as a much less perfect imitation would be ample for all 
practical purposes and we can not conceive of selection taking an 
adaptation past the point of efficiency. 

Another explanation of mimicry is that the mimetic form as 
in butterflies may have arisen as a sport or saltation, and ‘that 
for a while the two forms persisted side by side, but gradually the 
old one disappeared. Such an explanation might well account for 
the polymorphism of Papilio merope, especially as the male still 
retains its original form and in one locality (Abyssinia) a female 
does as well. 

There is little doubt, however, that whatever causes may be 
secondarily operative in the production of coloration and mimicry, 
natural selection is the chief. 
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CHAPTER XVI 
ANIMAL ASSOCIATIONS. COMMUNALISM 


Perhaps one of the most interesting aspects of evolution is the 
development of communal life among animals, for here is fore- 
shadowed one of the factors which have aided so largely in placing 
man at the head of the animal kingdom. It is not alone his sentient 
power and his hand skill that have made him great, for while in- 
dividual man working his way as a solitary being can accomplish 
much, civilization and its attendant train of invention and attain- 
ment are the direct outgrowth of communal life. 

Animal associations may be divided into several sorts, some of 
which have already been discussed. They are: 

Associations of different species. 

Mutually beneficial. 
Commensal (see Chapter ITI).’ 
Symbiotic (see Chapter III). 
Harmful. : 
Parasitism (see Chapter XVII). 
Associations of the same species. 
Gregarious animals. 
Mutual aid with no division of labor other than leadership. 
Communal animals. 
Always implying division of labor and sometimes physical 
differentiation. 


GREGARIOUS ANIMALS 


The association of unlike forms will not now be discussed 
and we may turn at once to gregarious animals. These are 
such as herd together for mutual aid, either for defense or 
for the securing of food. The name might also be applied to 
communities of sedentary benthonic animals whose association is 
the result of the accidental settling of a swarm of mero-planktonic 
young in a given locality. Such a group should not be called a 
colony, for colonial organisms, as the term is used in Biology, are 
such as are organically connected with one another. 
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Truly gregarious forms are the shoals or schools of invertebrates 
or fishes such as the squid, shad, cod, mackerel, herring, and albi- 
core. Whether there is here a recognized leader we have no means 
of knowing. Of higher forms among marine types there are the 
whales and seals, ail of which are gregarious. With the killer 
whales, Orca (Fig. 64), there is mutual aid just as there is among 
wolves, for the purpose of destroying their prey, the killers being 
the only cetaceans which prey habitually on warm-blooded animals. 
Their victims may be seals, penguins, or the various species of 
their own order. The killers destroy such as they are able alone, 
but combine into packs when a larger whale is to be attacked. 
Their favorite food is the tongue of the right or whalebone whale, 
and two or three will seize the lips and force open the mouth, while 
the others tear out the tongue of the unfortunate victim. 

Wolves, when they run in packs in the pursuit of prey, may be 
said to observe a sort of armed truce, the idea of mutual aid for 
defense evidently being foreign to their code of ethics, for they 
will at once turn upon, destroy, and devour one of their own band 
who happens to be wounded, even though it delay the chase. Un- 
gulates, on the other hand, herd together for safety, not for food- 
getting, since the immense numbers sometimes brought together 
.must render the amount of food available for an individual ma- 
terially less. 

Perhaps the greatest numbers of any large animal of recent times 
were those of the buffalo (Bison americanus) which formerly spread 
over one-third of the entire continent of North America. 


Hornaday tells us that they ranged from the arid plains to the hilly hard- 
wood forests of the Appalachians, covering an area which stretched 
3600 miles from north to south by 2000 miles from east to-west. The 
center of their abundance lay in the great plains from the Rocky Moun- 
tains to the Mississippi, and when the herds assembled there they covered 
the earth seemingly as with one vast brown buffalo-robe. One of the 
most memorable observations of the immensity of their numbers was that 
of Colonel R. I. Dodge in May, 1871, who drove for twenty-five hours 
through an unbroken herd of buffalo. Hornaday believes that Colonel 
Dodge must actually have seen no fewer than half a million animals. 
They belonged to the great southern herd, estimated at 3,500,000, then 
on its annual spring migration northward. The estimated numbers of 
the northern herd have been put at 1,500,000, making a total of 5,000,000 
animals, and yet within the next four years that majestic army was re- 
duced to three pitiful remnants owing to the wanton destruction by man, 
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a slaughter second only to that of the Great War. In 1903 Doctor Frank 
Baker estimated the total number alive as 634 wild and 1119 in captivity, 
making 1753 as compared with their former millions (Hornaday). 


Among buffalo, the herd is led by a female, whereas among 
horses, as among the pariah dogs of Constantinople, a male of 
proved prowess is chief among them until displaced by a stronger. 

Beaver carry their social organization further in that all unite 
for the construction of such public works as the dam which im- 
pounds the water. When it comes to the individual lodges, how- 
ever, each works for himself and lives his own family life more or 
less regardless of others of the community. 

Among pelicans, even though they flock together in great num- 
bers for breeding and the rearing of their young, each jealously 
guards its own interests and those of its offspring, regardless of the 
others. Occasionally, however, mutual aid becomes necessary, as 
when individual fishing is not sufficiently productive. In this 
event, the birds are said to swim in a line in such a way as to sur- 
round a school of fishes much as they are enclosed in a seine. The 
pelicans then swim toward the shore, driving their prey into shallow 
water, where each fishes for himself. 

Some instances are recorded of the association of more than 
one species of gregarious animals. Colonel Roosevelt speaks of 
a herd of between forty and fifty elephants, accompanied by over 
a hundred white herons. In order to see whether there was an 
available bull among them, the men moved them by shouting, 
and off the elephants went at a rapid pace, half the herons riding 
on them while the others hovered alongside, like a white cloud. 
Another example is the association of zebra, ostrich, and gnu, 
mentioned before (page 41) under the head of commensalism, as 
such associations of unlike forms for mutual good belong to that 
category. Roosevelt also tells us of oryx herds, generally of from 
half a dozen to fifty individuals, often mixed with the zebra herds. 
There were also solitary oryx bulls, probably turned out of the 
herds by more vigorous rivals, and often one of these would be 
found with a herd of zebras which proved more merciful to it than 
its own kinsfolk. All of this game of the African plains is highly 
gregarious in habit, and the species associate freely with one 
another. 

Domestic Animals.—With but a single exception—the domestic 
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cat—every animal which man has succeeded in subjecting to his 
uses has been a gregarious form and hence dependent upon its 
fellows for aid and succor. This, as may well be imagined, is a 
very potent factor in man’s favor when he attempts the subjuga- 
tion of a wild animal, for he, in large measure, supplies the need of 
kinsfolk and when the creature becomes dependent upon him the 
victory is half won. The surly, intractable individuals among 
male elephants, horses, and cattle would probably be outlaws 
from their own kind in a state of nature. The independent habits 
of the domestic cat which Kipling has so admirably satirized in 
his story of “the cat that walked by its wild lone,” are due to the 
non-gregarious character of its wild progenitors, and are attributes 
which centuries of domestication have never wholly eradicated. 
Hence the cat is always a guest, the other domestic animals be- 
coming members of the family. 


COMMUNALISM 


Communalism, as has been said, always implies division of 
labor, sometimes with physical differentiation, although in higher 
organisms increased intelligence may offset physical differences, 
-the individuals being more adaptable to the various tasks of the 
community and not necessarily limited to one or two. True com- 
munalism is found in but two groups of organisms, the insects 
and mankind; in each instance the final culmination of a long and 
important evolutionary line. 


Insects 


Among insects two orders only are sufficiently advanced to in- 
clude communal forms: the Isoptera, termites or “white ants,” 
and the Hymenoptera, ants, bees and wasps. 

Termites (Fig. 38) are insects of a comparatively low grade of 
organization and bear no relationship whatever to the true ants, 
their popular designation, “white ants,” having arisen from the 
fact that, like the former, they dwell in large communities with a 
complex social system. Members of the two groups of insects 
may readily be told apart, as the termites lack the delicate pe- 
duncle that joins the thorax and abdomen in the ants, and are 
broad-waisted creatures, yellowish white to light brown in color. 
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Fic. 38.—Termites or white ants, Termes lucifugus. A, worker; B, 
soldier; C, complemental male or female; D, true winged male or fe- 
male; E, gravid female, abdomen distended by the great reproductive 
mechanism. (A-C, E, from Claus-Sedgwick, D from Leuckart.) 
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Most of the termites are wingless, others have wings for a while 
which are afterward shed, many are blind, and all have slender 
antenne resembling strings of beads. 

Their social organization has carried with it a remarkable physi- 
cal differentiation so that at least four distinct castes are generally 
recognizable; they are not, however, as in the case of the Hymenop- 
tera, characterized by sex differences but include both males and 
females in each grade. The four castes are: 


First, the workers: small, blind, wingless, pale in color, with undevel- 
oped sexual organs, but with fairly well formed jaws. In some species 
there are no workers, in others there may be two kinds. 

The second are the soldiers. These are also blind and wingless and 
sexually undeveloped. Their chief distinction from all the other castes 
lies in the greatly developed scissors-shaped jaws which, together with 
the enlarged head, are darker in color than the rest of the body, due to 
their being more strongly chitinized. 

The third caste consists of the complemental males and females, also 
blind and wingless, but with limited powers of procreation; otherwise 
they look not unlike the larger workers. Their duty is to supplement the 
production of young in the event of failure on the part of the chief sexed 
individuals. 

The fourth caste are the true or chief males and females. These differ 
markedly from the other castes in their darker color and by being pos- 
sessed of both wings and organs of vision, as they alone are concerned 
with the external world, all of the others being subterranean creatures 
which so far shun the light and air as to build covered tunnels for commu- 
nication where burrowing is impracticable. The true sexed individuals 
are produced in great numbers, and in the spring emerge from their 
underground fastnesses and swarm forth on their mating flight. They 
are assailed by birds and other insectivorous creatures and countless 
numbers are destroyed before a suitable haven is reached. Ultimately . 
they settle to the ground, such as survive the slaughter, and the wings 
are stripped off, breaking at a line of least resistance, so that only a 
stump remains behind. 

The males and females now pair and each pair under normal condi- 
‘tions are the potential founders of a new colony. The supposition is 
that they must be found by a group of workers, who then take possession 
of them and make them the royal, or more properly parental, pair of a 
new community which these workers establish. Just how new colonies 
are formed in the familiar New England species, Termes flavipes, is not 
known, nor has a gravid true female ever been found, and it is within the 
possibilities that in spite of their numbers none of the chief caste ever 


254 ORGANIC EVOLUTION 


succeed in surviving the mating flight, and that the young are produced 
entirely by the complemental caste. Among tropical species—and they 
are very numerous, especially in Africa (see Drummond) and South 
America—the chief females, sometimes distended with eggs to many 
times their original size,! are frequently found. 

The young are all alike when first hatched, three moults being necessary 
to develop into large-headed individuals, and three more to form the 
latter into perfect soldiers. 


The termites have as commensal guests within their colonies 
many other kinds of insects of which more than a hundred'species 
have been described. These are known as termitophiles or lovers 
of termites. The true ants have similar myrmecophiles, of which 
there are many more than in the present instance. 

Hymenoptera show all gradations of development from solitary 
forms to those among which there is a most intimate communal life. 
Gradational series may be illustrated by the bees and wasps. The 
ants, on the other hand, are entirely communal. 

Bees may be classified on the basis of habit and physiological 
development into three groups, solitary, gregarious, and com- 
munal, of which the hive bees have attained the highest develop- 
ment. The solitary bees need not be discussed, but as the social 
organization in the gregarious bees grades into the communal, a 
few may be described. Some of the technically solitary bees have 
a marked preference for one another’s company and thus show the 
beginnings of gregarious life. Near Stanford University there is a 
huge colony of a mining bee, Anthophora stanfordiana, in which 
the vertical burrows are set as closely together as possible without 
interference, each burrow being the property of a single female 
bee. In this instance the hole is not filled with stored food and 
closed up as is usual, but the mother bee brings sustenance to the 
larva during its entire period of helplessness. 

Andrena, the small mining bee, forms similar colonies; one re- 
corded village which covered only a square rod of ground including 
several thousand nests. Here a vertical tunnel is dug with indi- 

1Jn a tropical African species, Termes bellicosus, the soldiers are fifteen times 
as large as the workers, and the fertile queen has her abdomen so enlarged and 
stretched by the thousands of eggs forming inside that it comes to be fifteen 
hundred or two thousand times the bulk of the rest of her body, and twenty 
or thirty thousand times the bulk of a laborer. The egg-laying capacity of such 


a female is given as sixty a minute, or eighty thousand and upward in one day 
of twenty-four hours (Kellogg). 
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vidual cells branching out on either side, within which the eggs 
are laid, together with a portion of suitably prepared food, the 
cell being then sealed. The mother, having completed her do- 
mestic arrangements, waits in the mouth of the burrow for the 
issuance of the young. 

With yet another mining bee, Halictus, the smallest of all, while 
each mother makes her own nest-burrow with its stored cells, a 
number combine to form a common vertical passage to the open 
air, so that one entrance and corridor give access to a number of 
homes. Many such structures are placed close together in popu- 
lous communities. Thus, as Comstock says, “while Andrena 
builds villages composed of individual houses, Halictus makes 
cities composed of apartment-houses.”’ 

In bumblebees the domestic economy is similar to that of the 
wasps, the colonies, for such they are, lasting but a season. These 
bees pair in the fall, the males die, and the impregnated females 
pass the winter sleeping in some underground crevice or hole. 
In the spring they issue forth and gather pollen and honey which 
is mixed together into a pasty mass and placed in some under- 
ground hole, that of a mouse or mole or one which the bee digs 
for herself. Several eggs are laid upon the mass of food, the re- 
sultant larvee feeding thereon until they are full-grown, when each 
spins a silken cocoon within which it passes through the pupa 
state to emerge as a sterile worker bee. These workers then take 
over the labor of the nest, enlarging it and providing more food, 
and the mother simply lays eggs to the extent of several sexually 
sterile broods. In late summer or fall males and females are pro- 
duced which fly forth and pair. Then the males and workers 
gradually die off until only the pregnant females are left—the 
potential founders of next year’s communities. 


“The strange case of the guest bumblebees, species of the genus. 
Psithyrus, is almost sure to come to the attention of any observer of 
bumblebee nests.’ In all general characters and total seeming truly 
bumblebee-like, found always in and about bumblebee nests, these in- 
sidious guests, cleverly living at the bountiful table of their host, present 
to us an interesting problem touching their deceptively Bombus-like 
makeup. Are they really bumblebees, that is, bees directly descended 
from bumblebee stock, which have become degenerate and adopted a 
parasitic life, or are they bees of another stock, which, for the sake of 
successfully deceiving the bumblebees and thus gaining access to their 
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nests, have gradually acquired (through long selection) the bumblebee 
dress and general appearance? The former supposition is the more 
probable. They are like bumblebees in so many structural details un- 
necessary for such deception that they must be looked on as a degenerate 
offshoot from the Bombide. Having given up the gathering and carrying 
of pollen, their tarsi are no longer provided with a pollen-basket (concave 
smooth surface, bounded by lines of long stiff incurving hairs) and by 
the absence of this arrangement they may always be distinguished from 
the true bumblebees. There is no working caste, infertile female workers, 
with these Psithyride, each species being represented by males and fe- 
males only”’ (Kellogg). 


The honey or hive bees, Apis mellifica (Fig. 39), differ from the 
bumblebees in that the colonies are permanent and composed of 
a much greater number of individuals. These live in their wild 


Fic. 39.—Honey-bee, A pis mellifica. A, queen (perfect female); B, worker (im- 
perfect female); C, drone (male). (After Brehm, from Parker and Haswell.) 


state in a hollow tree, although those found wild in America are 
all escaped domestic swarms. The numbers in a colony vary from 
ten thousand in winter to fifty thousand in summer, of which but 
one individual is a fertile female, possibly several hundred are 
male or drones, and the rest sexually immature females or’ the 
workers, all three sorts being anatomically distinguishable. The 
queen is merely the mother, never working or gathering honey as 
with the bumblebees, while the drones act as consorts for the queen, 
only one in a thousand, perhaps, performing any real function for 
the colony at all. The workers “build brood- and food-cells, gather, 
prepare, and store food, feed and otherwise care for the young, 
repair, clean, ventilate, and warm the hive, guard the entrance 
and repel invaders, feed the queen, control the production of new 
queens, and distribute the species, founding new communities, by 
swarming” (Kellogg). Although the colony is permanent, its 
members die just as in human communities. The workers which 
hatch and labor in the spring and summer rarely live more than 
six or eight weeks, while those born in late autumn may survive 
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the winter. Queens live from two to three, even five years, while 
the drones all die or are killed by the workers before the coming 
of winter. Feeble workers, larve, and pupz are generally also 
slain. 

The ants, of which the number of species has been variously 
estimated at from 2500 (Kellogg) to 5000 (Wheeler), are without 
exception communal, and have carried their societal evolution 
further than any other animal, not even excepting the lower races 
of mankind. Wheeler says of them: 


“Ants are to be found everywhere, from the arctic regions to the 
tropics, from timberline on the loftiest mountains to the shifting sands 
of the dunes and sea-shores, and from the dampest forests to the driest 
deserts. Not only do they outnumber in individuals all other terrestrial 
animals, but their colonies even in very circumscribed localities often 
defy enumeration. Their colonies are, moreover, remarkably stable, 
sometimes outlasting a generation of men. Such stability is, of course, 
due to the longevity of the individual ants, since worker ants are known 
to live from four to seven and queens from thirteen to fifteen years. In 
all these respects the other social insects are decidedly inferior. .. . 
Not only do the ants far outnumber in species all other social insects, but 
they have either never acquired, or have completely abandoned, certain 
-habits which must seriously handicap the termites, social wasps and bees 
in their struggle for existence. The ants neither restrict their diet, like 
the termites, to comparatively innutritious substances such as cellulose, 
nor like the bees to a very few substances like the honey and pollen of the 
evanescent flowers, nor do they build elaborate combs of expensive 
materials, such as wax. Even paper as a building material has been very 
generally outgrown and abandoned by the ants. Waxen and paper cells 
are not easily altered or repaired, and insects that are wedded to this 
kind of architecture, not only have to expend much time and energy 
in collecting and working up their building materials, but they are unable 
to move themselves: or their brood to other localities when the nest is 
disturbed, when the moisture or temperature become unfavorable or 
the food supply fails. The custom of depending on a single fertilized 
queen as the only reproductive center or organ of the colony has also been 
outgrown by many ants. At least the more dominant and successful 
species have learned to cherish a number of these fertile individuals in 
the colony. Finally, the manifold and plastic relationships of ants to 
plants and other animals are in marked contrast with the circumscribed 
and highly specialized ethological relationships of the social bees and 
wasps. The termites undoubtedly resemble the ants most closely in 
plasticity, but . . . these insects, too, are highly specialized, or one- 


258 ORGANIC EVOLUTION 


sided in their development. This is best seen in their extreme sensitive- 
ness to light, for this practically confines them to a subterranean existence 
and excludes them from many of the influences afforded by a more varied 
and illuminated environment.” 


The social evolution of the ants parallels in a very remarkable 
way that of mankind and from this point of view they may be 
classed as foraging, herding, and agricultural ants, with lesser 
groupings as well. 


1. Foraging or marauding ants. The genus Eciton, the so-called driver 
ants, best illustrate this stage of savagery, especially on the part of cer- 
tain Brazilian species in which, in their long marches in search of booty, 
the great army is said to be marshaled by big-headed officers and led by 
scouts! These ants make their expeditions to the nest of other ants for 
the purpose of capturing the larvee and pupz which are used as food, 
and such as are not devoured are stored in the temporary nest, their 
captors being nomadic, and are used for some time after the foray is over. 
On their long marches they carry as booty the dead bodies of various 
insects as well as the helpless young of the pillaged ants. 

2. Slave-holding ants. Slave-holding seems to be a natural outcome 
of the habit on the part of the marauding ants of bringing home the 
larve and pupe of other ant colonies. Of course if all were devoured be- 
fore emerging as adults, such a thing could not happen, but, as Kellogg 
says, the instinct of the hatched workers is to work, and so work they do; 
hence if any captives survived and their work was of advantage to the 
raider community, natural selection would do the rest. In the beginning 
there were no slave-makers but only raiders who raided for food, not for 
slaves. But by bringing home extra supplies of this food, which hatched 
and lived and worked in the new nest, evolution from food to slaves and 
from raiders to slave-makers has naturally taken place. 

Some slave-making ants are now absolutely dependent upon their 
captives for all work done in the colony, and one, Polyergus, has gone so 
far that it can neither dig nor care for its young or even keep itself from 
starvation in an abundantly stored nest without the aid of its slaves. 
“Specialization is leading Polvergus to its end!” 

3. Herding ants. These are in reality commensal forms living in ben- 
eficial association with other insects, notably the aphids or plant-lice. 
The ants, however, as one would suppose, are the masters and the aphids 
serve them as domestic cattle serve mankind. The economy can best 
be understood by a specific instance, that of the little brown ant, Lasius 
brunneus, which gathers the young larve of the corn-root louse in the 
fall and keeps them safe beyond the reach of any natural enemies until 
spring, when they are transported to the roots of certain weeds until the 
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corn germinates, and then to the roots of the growing corn and herded 
there until mating time-in the autumn, when they are allowed to pair 
and their offspring preserved as before. Other species gather various 
plant-lice eggs which they conserve during the winter. colonizing them 
upon their proper food-plants in the spring. In return for this care the 
ants secure from the aphids the so-called honey dew which exudes from 
two tube-like processes, the honey tubes or cornicles, projecting from 
the upper surface near the end of the abdomen. The plant-lice readily 
yield the honey dew 
to the ants, though in 
some cases the ‘ants 
may not feed upon it 
directly but upon a 
fungus which in turn 
grows upon the sweet- 
ish exudation accu- 
mulating upon the surrounding leaves. Certain of the aphids seem to 
be utterly dependent upon the ants for theic well-being if not for their 
very existence. 

4. Agricultural ants. These harvester ants, as they are perhaps more 
accurately called, belong to the genus Pogonomyrmex, of which nine 
species occur in America, especially in the West and South. They form 
communities, usually of considerable size, the nests being partly below, 
. partly above ground in the form of large symmetrical heaps in open 
sunny places, generally where there is more or less grass. The nests are 
stored with seeds and grains, garnered from the surrounding grasses 
which are cut away in the area immediately contiguous to the nest. 
From this bare area well-worn trails diverge into the surrounding grass. 
The harvester ants have been said actually to plant their favorite grasses, 
especially that known as ant rice or Aristida, to the exclusion of other 
crops. This Wheeler has shown to be untrue, but a voluntary planting 
is simulated by the fact that chaff or sprouted seeds, which would be 
valueless as winter rations, are removed from the nest and dropped at 
the edge of the cleared circle and in many instances take root and grow, 
resulting in an unintentional sowing of seed, and as Aristida seeds make 
up a large part of the food-stores, a majority of the plants about the nest 
may be Aristida. 

5. Honey ants. ‘There is a species, Myrmecocystus melliger, found in 
the semi-arid West, which McCook has especially studied in the Garden 
of the Gods, Colorado, where their mounds occur in hundreds. Certain 
of the workers through a curious structural modification may become 
greatly distended with honey so as to be as large as a small grape. “These 
honey bearers hang by their feet from the ceiling of small dome-shaped 
chambers in the nest; their yellow bodies stretch along the ceiling, but 


Fic. 40.—Red ant, Formica rufa. A, male; B, worker; 
C, female. (After Brehm, from Parker and Haswell.) 
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the rotund abdomens hang down as almost perfect globules of trans- 
parent tissues through which the amber honey shines. The honey is 
obtained by the workers from fresh (growing) cynipid galls on oak-trees, 
which exude a sweetish sticky liquid which is brought in by the foraging 
workers and fed to the sedentary honey holders by regurgitation. It is 
held in the crop of the honey-bearer, the distention of which produces the 
great dilation of the abdomen. The stored honey is fed on demand to 
the other workers by regurgitation; a large drop of honey issues from the 
mouth of the honey-bearer, resting on the palpi and lips, and is eagerly 
lapped up by the feeding individuals, two or three often feeding together. 
A somewhat similar honey ant, Prenolepis imparis, is common in Cal- 
ifornia.” 

6. Thief ants. These are abundant tiny creatures, belonging to the 
species Solenopsis molesta, which live in association with several different 
species of larger ants, feeding upon the larve and pupz, so that they are 
in a sense marauder ants, of which we have already spoken. The smaller 
galleries of the thief ants lie beside the larger ones of their hosts and 
occasionally open into them, so that the burglarous creatures, which 
are small and obscurely colored, can carry on their depredations with 
impunity, escaping into their own galleries, which the larger ants cannot 
enter, whenever they are detected and pursued. 

7. Commensal ants. These also live at the expense of associated species, 
but apparently give some return for the benefits enjoyed, which the thief 
ants do not. One such instance, recorded by Wheeler, is that of the 
common red-brown ant Myrmica brevinoides and the smaller Leptothorax 
emersont. ‘““The little Leptothorax ants live in the Myrmica nests, building 
one or more chambers with entrances from the Myrmica galleries, so 
narrow that the larger Myrmicas cannot get through them. When 
needing food the Leptothorax workers come into the Myrmica galleries 
and chambers, and, climbing on to the backs of the Myrmica workers, 
proceed to lick the face and the back of the head of each host. A Myrmica 
thus treated ‘paused,’ says Wheeler, ‘as if spellbound by this shampooing 
and occasionally folded its antennz as if in sensuous enjoyment. The 
Leptothorax, after licking the Myrmica’s pate, moved its head around 
to the side and began to lick the cheeks, mandibles, and labium of the 
Myrmica. Such ardent osculation was not bestowed in vain, for a very 
minute drop of liquid—evidently some of the recently imbibed sugar- 
water—appeared on the Myrmica’s lower lip and was promptly lapped 
up by the Leptothorax. The latter then dismounted, ran to another 
Myrmica, climbed onto its back, and repeated the very same performance. 
Again it took toll and passed on to still another Myrmica. On looking 
about in the nest, I observed that nearly all the Leptothorax workers 
were similarly employed.’ Wheeler believes that the Leptothorax get 
food only in this way; they feed their queen and larve by regurgitation. 
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The Myrmicas seem not to resent at all the presence of the Leptothorax 
guests, and indeed may derive some benefit from the constant cleansing 
licking of their bodies by the shampooers. But the Leptothorax workers 
are careful to keep their queen and young in a separate chamber, not 
accessible to their hosts. This is probably the part of wisdom, as the 
thoughtless habit of eating any conveniently accessible pupe of another 
species is wide-spread among ants” (Kellogg). 


Mankind 


The evolution of mankind forms the subject-matter of later 
chapters. He is to-day, especially in his more highly civilized 
state, the final product of communal life, for while much may be 
accomplished by man as an individual, it is only in codperation 
with his fellows that his great supremacy over the brute and physi- 
cal creation may be manifest. None of man’s relatives among the 
primates are more than gregarious, and it is probable that, until 
the descent of the human precursor from the arboreal habitat! 
he was but gregarious also; terrestrial existence only permitting 
the development of true communal life. If this be true, his com- 
munal codperation can hardly antedate the Miocene and may 
‘ well have had a still more recent beginning. Our fossil records 
show that of the two groups of insects whose societal evolution 
compares with that of man, the termites were physically perfected 
by early Eocene, the ants during Oligocene time. The presump- 
tion is therefore that their evolution since these several dates has 
been purely societal. If this be true, their communal life in each 
instance antedates that of the sentient head of the animal kingdom 
itself, a fact which entitles these humble creatures to increased 


respect. 
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CHAPTER XVII 
PARASITISM AND DEGENERACY 


Creatures which are not free-living, but depend upon others 
directly for their food are extremely numerous, and of these the 
ones bearing the ignoble relationship of parasite to host number, 
according to one authority (Eccles), more than half of all the ani- 
mal creation. Hence as a means of adaptation for survival, par- 
asitism must be looked upon as a remarkably successful device, 
although, as we shall see, the resultant evolution is one of retro- 
gression and ends in greater or less degeneracy according to the 
degree of parasitism and the relative rank of the animal at the 
beginning of its degenerating career. 


Classification of Parasites 


Aside from their natural taxonomic rank in the animal or plant 
kingdom, parasites may be divided bionomically into the following 
groups. 

Temporary parasites are the creatures which, like many insects, 
are parasitic during but a portion of their life and free-living at 
other times. In some cases it is the adolescent which has become 
parasitic. This is true of the parasitic Hymenoptera, whose eggs 
are laid by being thrust by means of a special device (ovipositor) 
into the body of another insect, a caterpillar for instance, within 
which the entire larval state is passed, the parasite feeding as a 
rule on the fat-body or other non-vital portions of its host. When 
its larval time is fulfilled, the parasite emerges through the body- 
wall, spins a tiny cocoon on the outside of its host, within which 
it pupates, and finally emerges as an adult fly of free life and habits 
totally distinct from those of its young. Another instance of a 
temporary parasite is the ordinary dog or cat flea, this time parasitic 
as an adult, living its adolescent life in the cracks of the floor 
where sufficient organic material is usually found to give it suste- 
nance. Those whose parasitic career embraces the adult condition, 
as in this instance, show greater degeneracy than those parasitic 
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as young, for the higher the animal is, the greater the fall, and an 
adult has generally attained a loftier plane of development than its 
young. 

Permanent parasites are such as have practically no free stage 
in their career, like the dreaded trichina worm to be described later 
on. This creature is found encysted in the flesh of one host and 
passes to the next through the latter having eaten of the first, and 
normally an indefinite number of generations may live their lives 
without ever being in the outer air. Permanent parasites are more 
frequently found among lower forms and always require a succes- 
sion of similar hosts or a blood-sucking alternative host, whereas 
the greater number of higher parasites are temporary. 

Facultative parasites is a term applied to the more adaptable 
sorts which, lacking their normal host, may turn to another, or 
even exist as free-living forms. Many parasites are facultative, 
although in some cases the new host may be one closely related to 
the old. 

Obligate parasites, on the other hand, are the less adaptable 
sorts, and require a definite host or succession of hosts. It is » 
questionable whether very many parasites are strictly obligate in 
the sense of requiring an invariable species. Certain tapeworms 
. seem to be such, however, the human tapeworm, Tenia solium, 
being derived from the flesh of the swine, while 7. saginata has for 
its alternate host the domestic cattle. The tuberculosis organism, 
on the other hand, is facultative, with, unfortunately, a rather 
wide range of hosts. 

External Parasites.—Yet another grouping of parasites is ac- 
cording to whether they confine their depredations to the outside of 
their host, that is, are external or ectoparasites, such as the flea 
of which we spoke, or are parasitic within the interior of the host. 
External parasites, which are largely arthropods, may become 
degenerate but are rarely of such vital moment to the host in them- 
selves; it is only when they in turn are parasitized and are thus the 
carriers of disease that they become a real menace. 

Internal parasites or endoparasites are many, and while a large 
number of them have retained the primitive simplicity of their 
free-living ancestors, many of those which are zodlogically high 
in the scale of life show a very marked degeneracy which is in some 
cases extreme.. Many Protozoa, bacteria of disease, and especially 
worms of various sorts are included under this head. 
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Effect of Parasitism 


On the Host.—The effect of parasitism upon the host is gen- 
erally a harmful one with no compensating benefit. It does not 
invariably result fatally at once to the individual, but in the 
case of many adolescent insects prevents their reaching the 
adult stage and therefore renders impossible the procreation of 
further generations. In preserving the balance of nature, parasitism 
is undoubtedly one of the strongest factors, keeping naturally pro- 
lific creatures effectively in check. There is reason to believe that 
parasitism has had much to do with the extinction of prehistoric 
races of animals, and Doctor Eccles has brought together some in- 
teresting data which bear upon this problem. He believes, and his 
observations are based upon extensive study of germ diseases, that 
apparently all animals of the present and past are infested by one 
or more parasites feeding upon the host, and that the parasites are 
themselves infected by parasites, which suggests the quatrain: 


“The little fleas which us do tease 
Have other fleas to bite ’em, 
And these in turn have other fleas, 
And so—ad infinitum.” 


In the course of time all hosts become immune to the parasites 
and all goes well until new migrants arrive, bringing new parasites 
and therefore new diseases into the area. The new disease will 
cause immense destruction until the native animals, or the survivors 
of them, again attain immunity. Therefore times of renewed mi- 
gration, which, as we have seen in our discussion of animal distri- 
bution, are concurrent with the formation of new migratory routes 
—land-bridges, forest tracts, removal of old-time barriers, and so 
forth—should be times of disestablishment and economic disorgani- 
zation. 

Immunity to disease does not necessarily mean immunity to the 
parasite, but rather that the host has become capable of enduring 
the parasite within its system and at the same time showing every 
manifestation of perfect health. Nevertheless such an individual 
may be a carrier of the disease of the most insidious sort, as medical 
practitioners have learned to their sorrow. One notable instance 
in point is that of the cattle-infesting Texas fever which has been 
thus graphically described by Doctor D. E. Salmon. He says: 
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“The cattle which spread the disease are, themselves, apparently in 
good health, while the cattle that become sick do not themselves dissem- 
inate the contagion. Again, susceptible cattle might be mingled with 
impunity with cattle from the infected district, providing this mingling 
occurred immediately after their arrival, and did not continue longer than 
two or three weeks; while, on the other hand, susceptible cattle that later 
in the season trespassed for even a 
few minutes on the pastures where 
the infectious cattle had been 
would contract a most violent / 
form of the malady.... Texas | 
fever is caused by a microscopic 
parasite, which lives within the 
red globules of the blood. The 
cattle in the infected district carry 
this parasite permanently, and are 
so nearly immune to its effects 
that they remain in good health, 
notwithstanding its presence in 
their blood. Not so, however, 
with cattle which never before 
have encountered it. With such 
animals it destroys the red cor- 
_ puscles and reduces them to one 
third or one fourth the normal 
number. An intense fever is pro- 
duced, and the creatures rapidly 
waste away and die after a sick- 
ness of one or two weeks.” 

The East Coast fever of Africa, 
which is very similar, is caused by 
a very closely related parasite 
which likewise lives in the red cor- 
puscles of its host. Infected East ) 

Coast cattle show no ill effects, but Fic. 41.—Parasite which causes disease 


are “‘carriers” of the disease. among cattle, Trypanosoma theileri, from 
, : : the blood of cattle in Transcaucasia, x 3000. 
Non-immune cattle brought into (aflec Lies trom Caucae) 


the East Coast region are open to 

certain attack, and the assertion has been made that out of each 
hundred which are thus assailed but five on the average survive. 
In one epidemic, due to the introduction of infected animals into the 
Transvaal, 15,000 cattle died. In trypanosomiasis (sleeping sickness) 
we have another instance of this same condition. Notwithstanding the 
fact that there may be no sick animals in the fly country of Africa, no 


266 ORGANIC EVOLUTION 


horses, cattle or dogs can venture, even for a day, into the region. Most 
of the wild animals, however, the buffalo, koodoo, and wildebeeste or 
gnu, carry the trypanosomes in small numbers in their blood, and it is 
from them that the tsetse fly obtained the parasite. The wild animals 
act as a reservoir of the disease. The trypanosome seems to live in the 
blood of the wild animals without doing them any manifest harm, but 
when introduced into the blood of such domestic animals as the horse, 
the dog, or the ox, the victims rapidly sicken and die. 


On the Parasite.—The effect of parasitism on the parasite, 
which may be much or little, on the part of the higher forms at least 
is invariably one of degenerative specialization, the parasite being 
below the standard of its free-living congeners. Of course, simple 
ancestors imply little or no degeneracy; on the other hand, the re- 
trogression may be profound if the parasite be one of high descent. 
In the case of temporary parasites the alteration may not be so 
decided as in permanent ones, but it varies with the degree of adap- 
tation to parasitic life. 

Parasitic organisms, like sedentary forms, are apt to lose their 
organs of locomotion and develop instead structures for attach- 
ment or adhesion, such as tentacles, hooks or suckers. Correlated 
always with the diminution of locomotive powers is that of the 
organs of special sense, the only sense remaining in extreme in- 
stances being the tactile, which is a primordial function of proto- 
plasm itself. The nervous system as a whole shows degeneracy. 
There may also be a simplification of the external skeleton as in 
arthropods, especially if the parasite be internal. 

Parasitism often means reduced metabolism and a consequent 
reduction of the vegetative organs, such as those of respiration and 
circulation, and especially the alimentary canal, wherein the digest- 
ive glands are the first to disappear, for, as in certain intestinal 
worms, notably Ascaris, the organism lives virtually in predigested 
food which only awaits absorption. In the tapeworms the extreme 
is reached, for in them there is no trace of alimentary canal at all, 
the nutrient medium in which the animals live being absorbed 
directly through the body-wall of the flattened degenerate. 

The reproductive organs alone suffer no diminution, but on the 
contrary may become still more highly developed, especially among 
internal parasites, for among these in particular the vicissitudes 
attending the organism during its life cycle and especially during 
its migration from host to host are great, and fecundity must needs 
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be proportionately increased. Hermaphroditism frequently char- 
acterizes the parasite and in some instances self-impregnation 
seems to occur. Parasitic plants lose many organs but never the 
blossoms, which are often of wondrous beauty, as for instance, the 
orchids. 


Value of Recapitulation 


Were it not for the assumption, therefore, that the life history of 
the individual broadly tends to summarize the evolution of its 
race, and that the earlier stages in ontogeny may repeat those in 
the phylogeny, taxonomic (i. e., zodlogical or botanical as opposed 
to bionomic) classification of some parasites would be virtually 
impossible. For example, in the crab parasite, Sacculina (Fig. 42), 
we have so extreme a state of degeneracy that the sycophant is 
reduced to a condition not unlike that of a tumor growing on the 
under side of the host’s abdomen (see Fig. 42,C). Dissection shows 
this tumor to possess nothing comparable to an alimentary canal, 
but in its stead a large growth of ramifying processes, like rootlets, 
extending through every portion of the crab’s anatomy, even to 
its eyes, and serving to extract nutritive juices just as the rootlets 
of a plant absorb nourishment from the soil. Within the body of 
‘the parasite are a decidedly reduced nervous system and enor- 
mously developed reproductive organs. Such is Sacculina, and as 
such its classification is impossible until its life history is revealed, 
when its taxonomic rank is at once manifest. 


Of this form Thomson says: ‘‘The animal is at the nadir of parasitic ~ 
degeneration. But what of the life history? Out of the brood chamber 
there emerge Nauplius-larve, with three pairs of appendages, a food- 
canal, and a median eve. They feed and grow and moult, and pass into 
a second—the Cyprid larval stage. These fix themselves, just like bar- 
nacles and acorn-shells, by means of their first pair of feelers, to the back 
or limbs of young crabs, finding a soft place at the base of the large 
bristles or setae. All but the head region is cast off; the structures within 
the head contract; eyes, tendons, pigment, and the remains of the shell 
are all lost; and a tiny sac sinks into the interior of the crab. Eventually 
it reaches the ventral surface of the abdomen, and, as it approaches 
maturity, the cuticle of the crab softens beneath it, so that the sac-like 
body protrudes. It seems to live for three years, during which the growth 

of the crab is arrested. The reproductive organs of both male and female 


crabs are destroyed.” 
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Fic. 42.—The nadir of parasitism, Sacculina carcint. A and B, larval (nau- 
plius) stages; C, crab, Carcinus menas, with a mature Sacculina in situ, show- 
ing ramifying “roots” (omitted from left side) which extract nourishment 
from the crab. (After Delage, from Leuckart.) 
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The life history of Sacculina up to the time of its fixation’ is 
therefore essentially as in other barnacles, hence its inclusion with 
them in the order Cirripedia. And the larval stages—the Nauplius 
and Cypris—are found in many other Crustacea, and therefore 
the barnacles are included within that class. As an adult the diag- 
nostic crustacean features are certainly conspicuously absent in 
Sacculina, so that it may be said of them, although in a perverted 
sense, ‘‘ By their fruits ye shall know them.” 


Examples of Parasites 


Sporozoa.—One group of Protozoa, the class Sporozoa, is com- 
posed exclusively of parasites. It is possible, therefore, that their 
general similarity, shown in the absence of locomotor organs and 
in their mode of reproduction by means of spores, may be due to 
convergent characters resulting from their parasitic mode of life. 
In other words, instead cf a natural group of related organisms, 
we may be dealing with a heterogeneous assemblage derived from 
several more or less remote ancestral stocks. The Sporozoa are 
all internal parasites, some of which inhabit the digestive tract of 
their host, others the coelome or body cavity, others the cells, and 

- yet others find lodgment in the very nuclei of the cells themselves. 
Finally, some are blood-inhabitants. In many cases there may 
be modifications of these several modes of life or combinations of 
them. Of such is the malaria organism, the genus Plasmodium, 
several species of which give rise to the disease known as malaria 
in the human being. The three undoubted species are Plasmodium 
vivax, producing tertian fever in which there is an attack every 
forty-eight hours; Plasmodium falciparum, giving rise to the perni- 
cious autumnal or malignant malaria characterized by daily or 
more or less constant fever; and P. malarie, producing quatrain 
fever which gives rise to paroxysms every seventy-two hours. The 
significance of these attacks is that they coincide with the periods 
of schizogonous (Gr. oxtGev, to split) reproduction of the parasite, 
during which it migrates to new blood corpuscles. At such times 
there is a decided anemia and poisoning which give rise to fever 
and other bad conditions due to thé impoverishment of the blood. 
Even death may ensue. The parasite therefore reproduces by the 
formation of “‘spores,”’ but ultimately, sex elements, male and fe- 
male, may be developed; actual sexual reproduction does not, 
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however, occur in the human host. If the patient is then bitten 
by an Anopheles mosquito, the latter’s digestive fluids destroy 
all of the malaria organisms contained in the extracted blood except 
such as are in this sexual stage. These then pair and the fertile 
cell bores into the walls of the mosquito’s gut where each gives rise 
to many spores which are finally liberated into the body cavity, 
whence they are carried by the blood to the salivary glands and 
there come to rest. Upon biting another patient, the mosquito 
injects a tiny portion of saliva into the wound—hence the sting— 
and with the saliva comes the malaria germ. 

As these organisms are all of the same brood, their subsequent 
periods of reproduction coincide, so that a constantly increasing 
number of spores is liberated at stated intervals, depending upon 
the species, until ultimately the numbers are incredibly large, and 
the effects upon the patient proportionately severe. Plasmodium 
is therefore a permanent, obligate parasite, but as its ancestors 
were lowly forms, there is probably no very marked degeneracy as 
a result of its parasitic adaptation. 

Worms.—Among the roundworms, Nemathelminthes, there is a 
very terrible human parasite with a relatively simple life history. 
This is Trichina spiralis, a somewhat facultative type, as it has 
been recorded from the rat, dog, cat, pig, and man. Tvrichina 
(see Fig. 43) lives encysted in the voluntary or skeletal muscles 
of its host in a state of quiescence. Each worm is coiled in a char- 
acteristic spiral within the limits of a single muscle fiber, and is 
surrounded by a small, limy, lemon-shaped cyst. If the host is 
eaten by another—the imperfectly cooked pig, for instance, by 
man—the acid of the gastric juice dissolves the cysts and liberates 
the worms. These are of separate sexes and immature, but they 
soon grow up, pair, and the females give birth to a thousand off- 
spring each. These bore through the walls of the stomach and are 
carried by the blood-stream to adjacent voluntary muscles such as 
the diaphragm. Here the creatures enter and pass between the 
muscle-fibers for a certain distance and finally pierce the membrane 
surrounding some one fiber, enter, coil, secrete the surrounding 
cyst, and the life-cycle is complete. An ounce of infected pork 
has been estimated to contain 80,000 worms of which perhaps half 
are females, and if each produces tooo young, the surprising total 
of 40,000,000 worms may be derived from a single ounce. The 
trichina population of a diseased man has been calculated to equal 
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100,000,000—the population of the United States in rg15! After 
encystment is accomplished, the patient, if he has survived, re- 
covers, but grievous symptoms diagnostic of the disease trichinosis 
are manifest during the period of parasitic activity and in a certain 
percentage of cases death ensues. 

Trichina is a permanent parasite, never having a free-living 
stage; it does not, however, show marked degeneracy except that 
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Fic. 43.—Trichina spiralis embedded in muscle. 1-3, Trichina in the intes- 
tine of the pig; 4, Larve in the blood of the pig; 5-7, Trichina in muscle. i, 
female, with living larve; 2, male; 3, same, showing hinder end with copulatory 
organ; 5, Trichina in muscle, not yet encysted; 6, same, encysted; 7, beginning 
of calcification of the cyst. All greatly enlarged. (After Esokor and Fiebiger, 
from Doflein.) 


it is capable of withstanding long periods of quiescence—ten years 
at least, how much longer is unknown. Alternate hosts of different 
species are unnecessary, provided cannibalism exists. 

Among the flatworms, Platyhelminthes, there are numerous 
parasites, of which one of the most interesting from the stand- 
point of its life history is the liver-fluke, Distomum hepaticum, 
which inhabits the liver and bile ducts of the sheep, deer, and cer- 
tain other grazing animals. This is a rather large worm, as such 
forms go, at least an inch in length, flattened, leaf-like, and pro- 
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vided with suckers for attachment and the getting of food. The — 
worms are hermaphrodite and the reproductive organs, both male 
and female, occupy a large portion of the animal’s interior economy. 
They are thus highly prolific and their parasitical degeneracy is 
manifest in that they are self-fertilizing. The eggs thus produced 
pass down the bile ducts and through the intestine to the outer 
world, where each hatches into a minute embryo, ciliated without, 
and provided with eyes. The eggs soon die if the ground is dry, 
but if they fall upon moist ground they may survive for several 
weeks, and if into a pond the embryos soon emerge in search of a 
new host. . 

This new host is a pond snail (Lymneus truncatulus or minutus) 
or even a Helix will do, any of which Distomum enters by way of the 
respiratory aperture. Established within the respiratory organ of 
the snail, the embryo loses eyespots and cilia and changes into a 
sporocyst, within which develop a number of bodies known as 
rediw, which are asexually produced larve of a second sort, pro- 
vided this time with digestive organs. Each redia usually gives 
rise to more redia, and these in turn to the third larval form known 
as cercaria, which also have a digestive system, suckers, the rudi- 
ments of other organs as well, and a well-developed locomotor tail, 
so that the creature resembles superficially a minute tadpole. The 
cercariz are no longer content with the snail for a host, but’ pass 
out of it, being distributed by its wanderings, leave the water, 
climb up a blade of grass, lose the tail, form over themselves a 
flattened, circular, limy cyst and lie in wait for the sheep. The 
latter eat the grass, cyst and all, the cyst dissolves and the cercaria 
is liberated. It now passes up the bile duct from the intestine to 
the liver and grows up directly into a fluke. This very roundabout 
process is the only way whereby the parasite may be perpetuated 
within the sheep. 

Several interesting biological principles are here illustrated: 
Generations of asexually produced forms for rapid multiplication, 
the precocious production of offspring by immature young (pedo- 
genesis), the development of sensory and locomotive organs where 
the creature is free-living, and their absence and the substitution 
of adhesive suckers during parasitic existence, and, finally, as a 
mark of degeneracy, hermaphroditism and self-impregnation, the 
latter being avoided by nature in that it apparently defeats the 
original purpose of sex. 
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The tapeworms of the genus Tenia are curious, ribbon-like forms 
consisting of a head-like organ or scolex, provided with suckers and some- 
times with hooks for attachment; beyond the scolex are a number of 
transverse constrictions which divide the animal into a great many sec- 
tions or proglottids, each of which is a sexually complete hermaphroditic 


Fic. 44.—Tapeworm of the pig, Tenia solium. A, entire specimen, reduced: 
c, head; B, head or scolex, showing adhesive hooks and suckers, enlarged; C, pro- 
glottid or segment, enlarged, with mature reproductive apparatus: ex, excretory 
canal; , longitudinal nerves; 0v, ovary; pg, genital pore; sh, shell gland; ut, 
uterus; va, vagina; vd, vas deferens; vil, vitteline gland. (After Leuckart, from 
Parker and Haswell.) 


unit. There is no digestive system, for, as has been said, the creature 
feeds by absorbing the already digested food in the alimentary canal of 
its host; other organs, nervous and excretory, are present, but in common 
with other internal parasites the organs of procreation dominate those 
of every other system. No locomotor or sense organs are present, but 
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the creature can make feeble worm-like movements. At about the two 
hundredth segment beyond the scolex, where they are produced by a 
process of transverse constriction (strobilization), the male organs begin 
to appear, and further back toward the hinder end of the body the female 
organs become mature in segments which were originally male. Pairing 
is effected, perhaps with the anterior proglottids of the same worm, and 
the other organs then become reduced, owing to the great development 
of the brood-chamber or uterus. The first completed eggs are found in 
the four hundredth to five hundredth proglottis and from this point 
backward they rapidly increase until a great number are contained in 
the much branched uterus. The ripe proglottids are detached and pass 
out of the host to the ground, where for a time they move by contraction. 
Within the eggs in the meantime the embryos have become rounded 
bodies each armed with six hooks (hexacanth embryos). If the proglottis 
or the eggs should now be taken into the alimentary canal of a pig, the 
second host, the hooked embryos become free and bore their way by 
means of the hooks until they reach the voluntary muscles, where they 
come to rest. Here they increase greatly in size and develop into the 
proscolex, containing a large cavity filled with a watery fluid. On the 
wall of the proscolex a hollow ingrowth is formed, on the inner surface 
of which suckers and hooks characteristic of the head or scolex of the 
adult develop. Then the hollow ingrowth turns right side out, so that 
these organs come to lie on the outer surface. Thus the bladder-worm 
or cysticercus is formed, having a bladder-like expansion to which is 
attached a structure comparable to the head and neck of a mature worm. 
Tf the flesh of the pig is now eaten by man, without being adequately 
cooked or salted, the worm is liberated, the bladder abandoned, the head 
attached to the intestinal wall, and a new tapeworm developed. Except 
for the short period which the mature proglottids spend before being 
devoured by the swine, this parasite is entirely internal and in conse- 
quence shows marked adaptations for that sort of life and none whatever 
for life in the open. Its powers of multiplication can well be imagined 
when one multiplies the thousand or so eggs from a single proglottis 
by the number of the latter—perhaps 850 in a complete worm, with a 
possibility of many more as the posterior ones are lost! 


Crustacea.—The arthropods also embrace a host of forms which 
are parasitic—crustaceans, arachnids, and insects—and in the last 
there are parasitic forms in as many as five orders out of thirteen. 
Among Crustacea some curious instances may be cited, as in Er- 
gasilus (Fig. 45,A), which is parasitic upon the gills of the bass. It 
is recognizable as a copepod crustacean, but parasitic adaptation 
shows in the modification of the antenne into hooks for adhesion, 
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reduction of legs, loss of eyes, and very large egg sacs. Another 
example is Lernea (Fig. 45,D), in which, as in Sacculina, all trace of 
segmentation is gone and the feet are reduced to the merest vestiges, 


Its maxille are adapted 
for piercing the skin 
of the host and suck- 
ing its blood. The egg 
sacs are very large. 
Lestewwa (Fig. 45,C), 
another copepod, is 
more degraded than 
Lernea, adhering be- 
tween the skin and 
flesh of a fish (Genyp- 
terus blacodes) by 
means of its swollen 
head, the rest of the 
body-being -free. 
Chrondracanthus (Fig. 
45,B) has nothing to 
suggest a copepod ex- 
cept the characteristic 
egg capsules. The 
female is parasitic upon 
the gills of certain 
fishes and is curiously 
lobed. These lobes 
may, however, be rec- 
ognized as antennules, 
hooked antennz which 
serve as organs of at- 
tachment, mandibles, 
and two pairs of legs. 
The male is less degen- 


Fic. 45.—Parasitic Crustacea (Eucopepoda). A, 
Ergasilus; B, Chondracanthus; B’, same, male (m), en- 
larged; C, Lesteira; D, Lernea; es, egg sacs. (After 
Parker and Haswell.) 


erate but is permanently attached to the female, so that she is 
parasitic upon the fish and he upon her. 

A much less degenerate parasite is that infesting the carp—Argu- 
lus, the carp-louse. While having special sucker-like organs for 
adhesion, which are modified limbs, it nevertheless crawls freely 


over its host. 
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Sacculina, the most degenerate parasitic crustacean, has already 
been discussed. 

Insects.—Of insects which subsist wholly or in part upon other 
organisms there are hundreds of species, some remarkably de- 
graded, others showing but little alteration from the organization 
of their non-parasitic allies. As one would expect, these latter are 
free-living as adults and only parasitic in their adolescent condition. 
Usually parasitism on the part of adults implies the loss of wings 
as in the bird-lice (Mallophaga), true lice, scale insects, fleas, 
sheep ticks, and the like. In one rather rare group (Strepsiptera), 
the creatures live upon bees and wasps as hosts during the larva 
and pupa state and in the female during the adult condition as well. 
The male, however, develops wings as an adult, otherwise, as these 
are solitary parasites, but one to a host, mating could hardly be 
effected. 

In no case among parasitic insects are such complex life histories 
known as among the worms, although some of them, notably the 
lice and ticks, have evidently had a long parasitic career, as their 
adaptation is extreme. 

Mollusca.—Among other invertebrates, such as echinoderms 
and molluscs, parasitism is rare, as the creatures have met the 
demands of the struggle for existence in other ways which have 
proved fully as effective. One interesting instance of parasitism 
is that of the larva of the fresh-water clams Anodonta and Unio. 
Normally, pelecypod molluscs have a ciliated mero-planktonic 
larva, but in the fresh-water forms they become parasitic in the 
way to be described. Fertilization is effected in the outer chambers 
of the female clam’s gill and the developing young remain in this 
brood-pouch until it is distended with the tiny creatures held to- 
gether by the entangling of the threads of byssus which are secreted 
by each larva. This mass is shortly expelled from the mother and 
lies on the bottom of the stream until it comes in contact with 
some passing fish, to which the young clams attach themselves by 
means of the hooked shell valves. Unio larve usually attach to 
the gills, Anodonta to the skin or fins. Here they become encysted 
by an overgrowth of the skin of the host and are nourished by its 
juices. They are thus true ectoparasites for a period of about ten 
weeks, at the end of which they have metamorphosed sufficiently 
to assume the normal free life of the clam. This parasitism evi- 
dently has for its major purpose the retention of the species in the 
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rivers, for were the larve ordinary plankton like those of their 
salt-water relatives, the species could not maintain themselves in 
their flowing habitat, but would be swept out to sea beyond the 
possibility of return. Relative scarcity of microérganisms for 
food may be a secondary cause, but for the maintenance of habitat 
this parasitism is not only adequate but also justifiable. 

Vertebrates.—The vertebrates include no true parasites among 
their numbers, though the degraded hag-fishes are on the border 
line between predatory and parasitic forms. There are, however, 
many instances of commensalism in some of which the mutual ad- 
vantage may be quite unequal. 


Summary 


Weismann thus summarized the problem of parasitism: “The 
most convincing proof of the organism’s power of adaptation is to 
be found in the fact that the possibility of living parasitically within 
other animals is taken advantage of in the fullest manner, and by 
the most diverse groups, and that their bodies exhibit the most 
marvelous and far-reaching adaptations to the special conditions 
prevailing within the bodies of other animals. We have already 
referred to the high degree reached by these adaptive changes, 
how the parasite may depart entirely from the type of its family 
or order, so that its relationship is difficult to recognize. . . . 

“Tf we consider the number of obstacles that have to be over- 
come in existence within other animals, and how difficult and how 
much a matter of chance it must be even to reach such a place as, 
for instance, the intestine, the liver, the lungs, or even the brain 
or the blood of another animal, and when, on the other hand, we 
know how exactly things are now regulated for every parasitic 
species so that its existence is secured notwithstanding its de- 
pendence upon chance, we must undoubtedly form a high estimate 
of the plasticity of the forms of life and their adaptability. And 
this impression will only be strengthened when we remember that 
the majority of internal parasites do not pass directly from one 
host to another, but do so only through their descendants, and 
that these descendants, too, must undergo the most far-reaching 
and often unexpected adaptations in relation to their distribution, 
their penetration into a new host, and their migrations and change 
of form within it, if the existence of the species is to be secured.” 
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CHAPTER XVIII 
ADAPTIVE RADIATION 


The idea of adaptive radiation is not new, but was first clearly 
stated by Osborn with the clarifying diagrams reproduced later in 
the chapter (page 284). Osborn’s law is as follows: 

Osborn’s Law of Adaptive Radiation.— Each isolated region, 
if large and sufficiently varied in its topography, soil, climate, and 
vegetation, will give rise to a diversified mammalian fauna. The 
larger the region and the more diverse the conditions, the greater 
the variety of mammals which will result. From a primitive stem- 
form radii go out in four diverse directions, the adaptations being 
mainly those of limbs and feet—also of teeth, but that of the teeth 
and feet do not necessarily parallel.” 

While the term adaptive radiation fairly describes the process 
as it occurs when the vertebrate classes are considered, yet adaptive 
branching more accurately describes what takes place in the orders 
and families, which do not radiate in all directions, nor always in 
straight lines, but in branches that often turn and change their 
direction. 

Buffon was apparently the first to understand the idea of the 
modification of animals under new and strange conditions, but 
Lamarck, with his characteristic clarity of vision, added to this 
his conception of the principle of divergence, or as he called it, 
“‘embranchement’’—the formation of different habits in the search 
for food and safety. Darwin also discovered the same principle 
independently of Lamarck and in his turn called it “divergence”’— 
that is, ‘the tendency in organic beings descended from the same 
stock to diverge in character as they become modified. That they 
have diverged greatly is obvious from the manner in which species 
of all kinds can be classed under genera, genera under families, 
families under suborders and so forth. . . . The solution, as I 
believe, is that the modified offspring of all dominant and increas- 
ing forms tend to become adapted to many and highly diversified 
places in the economy of nature.” 

Osborn applied his law mainly to the mammals, but it is perhaps 
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equally true of the reptiles or was during the Mesozoic, before the 
mammals came to their own. The central or focal type is con- 
ceived as a short-limbed, ambulatory form, with five clawed digits 
upon the approximately equally developed feet. It was small and 
generalized in its feeding habits, insectivorous (that is, devouring 
insects, worms or such creatures) or omnivorous and therefore 
with simple short-crowned teeth. 

The impelling causes of adaptive radiation are the need of food 
and the need of safety, and while the minor roads along which 
evolution is possible are many and devious, they all lead in four 
general directions: over the earth’s surface where speed would 
become the great desideratum, beneath the surface to the sub- 
terranean realm, above the surface into the trees or finally into the 
air, and into the water to become denizens, wholly or in part, of the 
aquatic realm. Subterranean life results in certain degeneracy, so 
that a return of fossorial creatures to the terrestrial habitat is 
rare, while the aquatic realm modifies its inhabitants so profoundly 
that there is no known case of a return on the part of a lung- 
breathing form which has been adapted to aquatic life. These 
two roads—to the waters and the subterranean fastnesses—are 
one-way trails along which many go but few return. 

Primary and Secondary Acquired Adaptations.—This is not 
true, however, of the arboreal or even of the aérial realm, for there 
is reason to believe, for instance, that the whole order of marsu- 
pials are derived from an arboreal ancestry, and there are repeated 
instances of flightless birds whose progenitors nevertheless must 
have been capable of flight. In certain instances there is a reversal 
of the evolutionary process, but this does not actually contradict 
the law of irreversibility of evolution, which says that an organ 
once lost can never be regained and that a specialized form can 
never again become generalized. An example will make this clear. 
As we have said, the marsupials are either all arboreal to-day or 
give evidence in their anatomy of arboreal descent. One striking 
arboreal feature is a grasping great toe or hallux on the hind feet 
(see Fig. 46,A). This, being offset, opposes usually the fourth digit, 
thus forming an admirable prehensile organ whose grasp of a 
branch it is difficult to loosen. The terrestrial kangaroos, on the 
other hand, have become adapted in a wonderful way for speed 
over the earth’s surface, and among other things have entirely lost 
this grasping hallux (see Fig. 46,B), as reduction, much or little, 
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of the lateral digits invariably accompanies evolution for speed. 
There is, however, a tree kangaroo, Dendrolagus, which is very 
much at home in its arboreal retreat; having no grasping great 
toes, it has to rely upon 
its claws and broad- 
ened soles for security 
(see Fig. 46,C) and 
they are well suited to 
the task, although the 
hallux would undoubt- 
edly be better. Den- 
drolagus, while arbor- 
eal, shows in the loss 
of this useful member 
a terrestrial ancestry, 
and back. of that, in 
common with al! mar- 
supials, an arboreal 
one. Hence for it the 
course of adaptation 
has been reversed, but 
.the reversal is one of 
function and not one 
of structure, for how- 
ever useful the grasp- 
ing hallux might be in 
the present environ- Fic. 46.—Hind feet of marsupials. A, opossum, 
: : Marmosa pusilla, with grasping hallux, arboreal; B, 
ment, its loss during kangaroo, Macropus dorsalis, without hallux, digits IL 
the terrestrial career of and III syndactyl, cursorial; C, tree kangaroo, Den- 
the ancestors is irrevo- 22/asus ursinus, without hallux, arboreal (secondarily). 
° (After Bensley.) 
cable. While the atro- 
phied organ therefore is lost forever, its old time function may 
be secondarily acquired by other organs should the need arise. 
Other instances would be those of marine reptiles like the ichthyo- 
saurs, or whales among mammals, both of which were derived 
indirectly from a fish ancestry, but which during the subsequent 
terrestrial life of their later progenitors lost the water-respiring 
gills. Perhaps the greatest menace to the safety of the modern 
whale is the necessity of rising to the surface to breathe, but the 
loss of gill-breathing is irrevocable and no organ apparently has 
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been able to take its place (see Chapter XX). Primarily these 
forms were terrestrial animals, secondarily they have in many 
marvelous ways been adapted to the new environment, but owing 
to the law of irreversibility their adaptation apparently may never 
be perfected. Rodents are normally gnawing, herbivorous, terres- 
trial animals, certain ones, of which Professor Osborn speaks, being 
aquatic and fish-eating, the muskrat devouring both fish and fresh- 
water clams (Unio). 

Local Adaptive Radiation.—The law of adaptive radiation 
which has been cited refers to evolution on a broad scale and in- 


Fic. 47.—African rhinoceroses. A, square-mouth or white rhinoceros, Rhi- 
noceros simus; B, pointed-mouth or black rhinoceros, R. bicornis. (From British 
Museum Guide to Great Game Animals.) 


cludes the entire mammalian or reptilian fauna of a continent. 
Local adaptive radiation, on the other hand, is restricted to the 
differences arising within a group of closely related forms whose 
life habits are in the main similar. Africa supports to-day two 
very distinct types of rhinoceros—the square-mouth or white and 
the pointed-lip or black rhino (see Fig. 47). With the square lip 
go long-crowned or hypsodont (Gr. tt, on high, and ddovs, tooth) 
teeth, while the pointed lip is correlated with short-crowned or 
brachyodont (Gr. Spaydts, short) grinders. The differentiation 
is one therefore of feeding habits, the first largely grazing, the 
second browsing, and the local distribution of the two types is in 
harmony with this distinction in that the square-mouth rhino in- 
habits the open country, especially the broad grassy valleys between 
the tracts of brush south of the Zambesi River, while the pointed- 


ADAPTIVE RADIATION 283 


lip species, on the other hand, is found in the wooded and watered 
districts from Abyssinia to Cape Colony. Geographically there- 
fore the range of the black rhinoceros includes that of the white, 
but is more extensive, as the species is far more common; locally 
the two habitats are distinct and have given rise to feeding and 
consequently structural differentiation. Similar instances are re- 
peatedly met with, especially among prehistoric forms such as the 
horses. Differences, slight at first, will in the course of time be ac- 
centuated so that the ultimate descendants are very unlike each 
other. A specific instance, comparable to the African rhinoceros, 
is that of the American Miocene horses Hypohippus and Hip- 
parion. The first had short-crowned, uncemented, browsing teeth 
and well developed lateral hoofs, forming a foot fitted for yielding 
ground like that of the forested areas. The second had complex, 
long-crowned, grazing teeth adapted to the harshest grasses and 
feet fitted for the hard prairie soil. The distinction between these 
two races may well have had its inception during late Oligocene 
when differentiation of habitat was already established, but we 
cannot with our present evidence clearly separate the phyla until 
Lower Miocene at least (see Chapter XXXV). Local adaptive 
radiation therefore gives rise to different phyla of the same group 
of animals in a relatively small area. 

Continental Adaptive Radiation, on the other hand, is on a 
broad scale and, as has been said, embraces the entire fauna of a 
given class (7. e., Mammalia). Such radiations have appeared more 
than once, sometimes as repetitions of evolution within the same 
area, or again the radiations may be contemporaneous, but within 
the limits of distinct isolated continental masses. 

Contemporaneous Radiations.—As we learned in the chapter 
on geographical distribution, the world’s surface may be divided 
into three coequal but not coextensive realms: Arctogea, Neogea, 
and Notogea, of which the first includes all of the northern hemi- 
sphere, and Africa; the second, South America; and the third, 
Australia. These three great realms have been.the centers respec- 
tively of three remarkable adaptive radiations of mammals during 
Tertiary time, when all three were isolated each from the other in 
such a way as to prohibit absolutely for a long period all faunal 
interchange. This isolation is true of Australia to this day. Hence 
while the South American mammals have practically ceased to 
exist, Australia’s fauna, except for certain overseas migrants in- 
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troduced largely through human intervention, remains practically 
as it has been, composed of mammals of Mesozoic rather than of 
Tertiary type. Between Australia and Arctogeea there are some 
very remarkable parallelisms, for, upon a more limited scale, nature 
has nevertheless repeated herself, though not exactly, in the lesser 
continent. A comparison of the two radiations may be made. 

In Arctogea the central or focal type is represented in a general 
way by the Malayan insectivore, Gymnura (Fig. 48). ‘This crea- 


Fic. 48.—The most primitive living representative of the Insectivora, Gym- 
mura. (After Horsfield and Vigors.) 


ture belongs to the hedgehog family, Erinaceide, but the more 
familiar European hedgehog, Erinaceus, is somewhat too specialized 
in its quill-like hairs and burrowing habits and consequent modifica- 
tion to serve as the focal type. 

Along the cursorial radius we have in the dogs, especially the 
swift fox and the coyote, creatures of amazing speed although 
digitigrade, that is, running upon the toes. Unguligrade or hoofed 
runners are best represented by the deer, the African antelope, 
but especially by the horse-like animal, the ghor-khar (Equus 
onager), which inhabits the Persian desert, an animal so swift 
that adults in good condition can neither be ridden down, unless 
by relays of horsemen, nor taken with greyhounds (Lydekker). 

Arboreal forms are represented by the squirrels, some of which— 
the flying squirrels—have learned to launch themselves into the 
air and take long soaring leaps, supported by folds of skin between 
the limbs and the sides of the body, and hence have become semi- 
aérial. Truly volant or aérial forms are represented among mam- 
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mals by the bats, which, however, belong to a different order than 
the flying squirrels, as they are directly out of the insectivorous 
stock, although no annectant forms are now alive. One remarkable 
insectivore, Galeopithecus, which will be described more in detail 
later, is a wonderful soarer, and while not in the line of bat descent 
shows us quite clearly how such an adaptation could have arisen. 

Aquatic-amphibious forms are represented by the aquatic shrews 
among insectivores, the muskrats and beaver among rodents, and 
the otters, but especially the seals, among carnivores; while the 
truly aquatic types are such as the porpoises and whales, which 
are apparently modified ancient carnivores, and the sea-cows 
(manatee, and dugong), which were derived from the ungulate 
stock. 

Subterranean forms are the insectivorous shrews and moles 
and the rodent woodchucks, gophers, and mole-rats (Bathyergus). 
Of these the true moles and the golden moles (Chrysochloride) 
of the Cape of Good Hope, two entirely independent evolutions of 
molelike forms, are the most extreme. 

Notogea.—The Australian mammals, as we have learned, are 
practically all marsupials or pouch-bearing mammals, whose young 
are brought forth at an extremely early stage of development, 
transferred to the pouch-covered nipples, and there nourished as 
“larvee’’ until mature enough to stand the vicissitudes of ordinary 
animal childhood, when they are virtually reborn. There is no 
placenta, except for one or two rare vestiges (Phascolarctos, Pera- 
meles), and the young, being imperfectly nourished compared with 
placental mammals, cannot stand competition with the latter 
even in their adult condition. Such was the stock with which Aus- 
tralia in the dim Mesozoic age was inoculated, and out of that 
stock, due to the immense period of isolation which has elapsed, 
there has arisen an adaptive radiation paralleling that of Arctogea 
in many remarkable ways. 

Perhaps the creature nearest the focal form among marsupials 
is the opossum (Fig. 49), for, as Osborn says, ‘The Insectivores 
among Placentals, and Opossums among Marsupials, are the only 
animals which have preserved the dental prototype close to that 
of the Promammal.”’ The opossum is now an American form and 
therefore in its existing condition cannot represent the actual 
ancestor, but it gives a good impression of what the Australian 
stem-form was like. Opossums are, however, extremely old, per- 
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sistently primitive forms of which near relatives are found in Cre- 
taceous rocks. They have survived contemporaneously with their 
diversified descendants. The opossum is arboreal, but it is quite 
probable that the marsupials had all passed through a tree-inhabit- 
ing stage before their great radiation began, so even that does not 
disqualify it, especially as its arboreal adaptation is not extreme 


Fic. 49.—Opossum, Didelphis marsupialis, the most primitive living mar- 
supial. (After Lydekker.) 


and amounts to little beyond the development of a prehensile tail 
and a grasping hallux, which may in themselves be primitive char- 
acteristics for marsupials. 

Cursorial adaptation in the marsupials is well shown in the 
Tasmanian wolf, Thylacynus, which is very dog-like in contour, 
development of limbs, and digital reduction. It is perhaps a little 
less extreme in its cursorial adaptation than the jackal (Canis 
aureus) for instance, as the distal segments of the limbs, whose 
relative lengthening is generally a speed requirement, are still 
proportionally short. Thylacynus clearly occupies the station of the 
wolves and dogs of Arctogzea, a fact which has caused its extinction 
when brought into competition with true canids (7. e., Canis dingo, 
see page 108). The herbivorous bandicoots and kangaroos are 
highly speedy and represent the ungulates of Arctogea, the bandi- 
coots (Cheropus) being quadrupeds whose hind foot has but a 


= 
288 ORGANIC EVOLUTION 


single dominant digit, although others are present but vestigial. 
The kangaroos, on the other hand, are bipedal when running, with 
a foot which is marvelously effective. 

Arboreal marsupials are still numerous, the so-called “sugar 
squirrels” or phalangers being very similar to our squirrels in ap- 
pearance, while the Arctogzean flying squirrels are represented 
with great fidelity by the Notogean flying phalanger (Petaurus 
sciureus). A further extreme of arboreal adaptation is shown in 
the koala (Phascolarctos cinereus), slow-moving, tailless, with splen- 
didly adapted hands and feet, the former having two fingers offset 
against the other three, and the latter the hallux against the other 
four, especially the fourth and fifth. In many ways the koala 
resembles the lemurs or half-apes of Arctogeea, especially such 
forms as the loris, Nycticebus. 

No truly volant forms comparable to the bats exist in the Aus- 
tralian marsupial fauna, although placental bats are present, nor 
is there record of their having existed there during geologic time. 

Aquatic types among marsupials are restricted to amphibious 
forms, truly aquatic types comparable to the Cetacea being un- 
known and improbable, for such would lack the isolation and 
security from competition so necessary to marsupial evolution. 
Strangely enough, however, there is no recorded instance of even 
an amphibious marsupial in the existing Australian fauna, although 
South America possesses one, the water opossum (Chironectes), 
whose hind feet are webbed and whose general appearance reminds 
one of the muskrats, though of course, unlike the latter, it is ex- 
clusively carnivorous in its diet. It is highly improbable, however, 
that Australia has never possessed an amphibious marsupial and 
such may indeed exist to-day. 

Notogzea is not without its amphibious type, for the duck-bill 
or duck-mole (Ornithorhynchus) is a remarkable combination of 
burrowing and swimming animal, the projecting swimming mem- 
brane of the fore foot being folded back against the palm, exposing 
the powerful claws when the creature wishes to dig. In its life 
habits the duck-bill is not unlike the muskrat, but the food differs, 
as it feeds upon various small water-animals, such as crustaceans, 
insects and their larvee, snails and worms, which are dug out of the 
soft mud by the tender muzzle (Lydekker). Ornithorhynchus, 
while having a pouch for the protection of the newly hatched young, 
is not a member of the order Marsupialia but of the yet more primi- 
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tive Monotremata—the egg-laying mammals—which while strictly 
Notogzean in their existing distribution, are nevertheless not of 
the present Australian adaptive radiation, as that implies a 
common, 7. €., marsupial, ancestry, but are survivors of an earlier 
evolution. . 

Fossorial Notogean animals are admirably represented by the 
marsupial “mole,” Notoryctes typhlops, a recently discovered type, 
which bears a remarkably close resemblance in its molar teeth, 
external form, and mode of life to the South African golden moles 
(Chrysochloridz) of which we have spoken. But they can not be 
related, for Chrysochloris is a placental insectivore and Notoryctes 
a marsupial. They therefore represent one of the most interesting 
cases of convergent evolution of which we have knowledge. 

Thus it will be seen that the Australian adaptive radiation prac- 
tically coincides with that of Arctogza, almost every animal in 
the former assemblage having some approximate equivalent in the 
latter. The reverse, on the other hand, does not hold true, for the 
Arctogzan realm is relatively so vast and its range of habitat con- 
ditions so much greater, that its fauna is proportionately more 
extensive and varied. 

The ancient fauna of Notogea has but a dubious future, for the 
artificial introduction of several placental mammals has already 
made serious inroads into the integrity of the marsupial ranks, the 
dingo having driven the Tasmanian wolf from the Australian main- 
land while the rabbits and sheep, through their destruction of the 
food supply, have reduced the marsupial herbivorous population by 
cutting off their means of subsistence. It is quite probable that, 
with few exceptions, this ancient radiation is doomed to speedy 
extinction. 

Successive Radiations in Time.—Osborn recognizes three suc- 
cessive radiations among mammals of which the first, however, that 
during the Mesozoic, was comparatively unimportant because of 
the terrestrial dominance of the dinosaurs and other reptiles. Dur- 
ing this radiation the known mammals were all small, although 
differentiated into two or three phyla from the standpoint of their 
dentition and implied feeding habits. Thus some were insectiv- 
orous, some perhaps more distinctly carnivorous, and some herbiv- 
orous, possibly fruit- or nut-eating (seed-eating?). 

Basal Eocene.—It was not until the great reptilian extinctions at 
the close of the Cretaceous that the mammals really had their 


290 ORGANIC EVOLUTION 


opportunity, at least in the known fossil-bearing regions, and with 
the vacating of the terrestrial realm by the huge cold-blooded 
brutes, the higher creation began its deployment in the known 
areas. Paleontologists soon find records of carnivorous forms (creo- 
donts) of various sorts, swift cursorial ungulates (condylarths), 
and slow-moving, grotesquely armed types (amblypods). There 
were also sloth-like forms (teniodonts) and probably ancestral 
marsupials. Of all of these so-called archaic mammals (see figures, 
Chapter XXXII), but few survived the Eocene; some were sooner 
or later rendered extinct through competition with invaders of the 
third or Tertiary radiation, others may have evolved into certain 
of the higher types, yet others, driven southward into Neogzea and 
Notogeea, may have formed the stock of part at least of their sub- 
sequent faunas when isolation closed the door upon later invaders. 
These archaic mammals, their adaptations and their defects will 
be discussed more at length in Chapter XXXII. 

The Tertiary radiation was the great Arctogeean radiation of 
modernized mammals, so called because their descendants still 
exist; at all events no higher group has appeared, and the story of 
mammalian evolution in this world, owing to the present dominance 
of man, is virtually over. Whence the progenitors of the modern- 
ized mammals came we have no positive knowledge, but circum- 
stantial evidence points to boreal Holarctica—the circumpolar 
lands of the northern hemisphere—as their pristine home. For in 
the Cretaceous and early Eocene indications point to a warm 
climate and abundant forestation in the north, ideal conditions for 
the well-being of the nodal type and its immediate derivatives. 
Increasing cold in the northland drove forests and their fauna 
south down the three great continental axes (see map, Fig. 246) so 
that we find creatures of much the same sort, such as the ancestral 
horses, appearing synchronously in the Old World and in the New. 
Early in the Eocene their deployment was well under way, the 
Oligocene saw certain lines already approaching racial death and 
others wondrously varied, while during the Miocene the culmina- 
tion was reached and never before nor since was there so great a 
mammalian florescence. By the Pliocene they had begun to wane. 
The mammals of to-day, including man himself, are the remnant 
of this Tertiary radiation. 

Tooth Radiation—The mammals are, with few exceptions 
(Cetacea, ant-eaters, etc.), characterized by a heterodont (€tepos, 
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different, and odovs, tooth) dentition, that is, the teeth, in contrast 
to those of most reptiles, for instance, are differentiated into several 
sorts with, as a rule, very distinct functions. Those in the front of 
the mouth, the incisors, are mainly prehensile, the canines grasping, 
tearing, or for defense or offense, the premolars sometimes shearing, . 
or, like the molars, grinding teeth. The last mentioned molars and 
pre-molars show 
the greatest struc- 
tural modification 
to meet their own- 
er’s requirements, 
the incisors and 
canines _ being 
more conservative, 
as their use shows 
less variation in 
the different or- 


dérs.- See Fig. 50. Fic. 50.—Upper and lower teeth of the wolf, Canis lupus, 
The <«insectivor- showing the carnassial or flesh-cutting teeth, shaded (the 


: le lar). (Afte 
ous type, those of Mae premolar and first lower molar). (After 


the stem-form, are 

ow-crowned, simple, with few cusps, generally sharp-pointed and 
suitable for crushing feeble prey. With the carnivores, the cheek 
teeth become high-crowned, trenchant, shearing structures, and the 
jaws have little or no lateral play. This reaches its highest spec- 
jalization in the cats (see Chapter XX XIII), wherein the true grind- 
ing teeth are almost entirely wanting. In the dogs, with a less 
exclusive diet, more of the grinders are retained, although the shear- 
ing teeth are well developed, while in the bears, carnivores with a 
strong tendency toward an herbivorous diet (omnivorous), the cheek- 
teeth are broad-crowned, tuberculate grinding organs, and shearing 
teeth are wanting. Carrion-feeding forms have, as a rule, blunter 
teeth, while in fish-eating creatures like the seals the teeth have 
become secondarily simplified and are all prehensile. The toothed 
whales (Odontoceti) have lost their tooth differentiation and the 
teeth are practically all alike—simple, slightly recurved, grasping 
cones. The teeth are sometimes absent in the upper jaw (sperm 
whale, Physeter), and in the whalebone whales (Mystacoceti) 
they are entirely absent, except for functionless vestiges in the 
unborn young, and their place is taken by the curious baleen or 
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whalebone which hangs from the palate and by means of which 
small molluscs (pteropods) are strained out of the water to serve 
for food. 

Herbivorous forms have the incisors fitted for seizing and cutting 
the vegetation. In the ruminants, however, they are absent in the 
upper jaw, the lower incisors biting against a horny pad. Canine 
teeth are of little importance to the herbivore unless they are used 
for defense (musk deer), or as in the swine for uprooting the vegeta- 
tion upon which it feeds. The grinders vary amazingly in the 
pattern of the cusps and crests borne upon the crown but in general 
may be divided into short-crowned, brachyodont teeth fitted for 
succulent leaves and twigs; or long-crowned, hypsodont teeth 
whose great length and complex structure are adapted to meet the 

‘wear imposed by the harsh grasses and other vegetation which 
form the staple of a grazing animal. Perhaps the greatest degree 
of perfection has been reached by the modern horse (Equus, see 
Fig. 210) along one line of descent and the elephant, more especially 
the extinct Siberian mammoth (Elephas primigenius, compare 
Fig. 209) along another. 

As we have seen, a carnivore like the bear may become adapted 
to an all-round diet and hence be omnivorous, but the term is best 
applied to a direct line of evolution from the insectivorous stock, 
such as the primates, and especially mankind. Here the incisors 
and canines show little distinction and the cheek teeth are very 
simple and primitive, with bicuspid premolars and molars with few 
(four or five) low cusps. 

The myrmecophagous type represents the height of specialization, 
for in its extreme development the teeth have utterly disappeared, 
the jaws are reduced, the mouth is incapable of opening except at 
the extreme anterior end and has become tubular, with a highly 
extensile and prehensile tongue. This organ is provided with an 
adhesive substance and when thrust into an ant-hill and withdrawn 
brings away great numbers of the unfortunate insects, which are 
swallowed without mastication. As a special adaptation to such 
rather insurgent prey, the interior nostrils are carried far backward 
so as to be in direct communication with the windpipe to prevent 
any of the creatures from wandering the wrong way. An analogous 
adaptation is seen in the marsupials to avoid suffocation when the 
milk is forced into the mouth of the feeble young by the mother’s 
muscles, and in the whales and again in the crocodiles, both of 
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which devour their prey under the water and would run the risk 
of strangulation were it not for this device. 

Summary.—We have thus emphasized the wonderful plasticity 
of living beings, which, in their efforts to find food and safety, be- 
come adapted in the course of time to all possible conditions of 
life—earth, air, water, the most salubrious as well as the most for- 
bidding wastes; and have shown that these adaptations are chiefly 
concerned with those parts most closely in contact with the environ- 
ment—the feet for safety and the teeth for food. The soft parts are 
generally more conservative and while feet and teeth undergo their 
marvelous changes, internal organs, except such as are again 
directly concerned with diet or locomotion, may remain compar- 
atively unaltered. We find that nature does repeat herself, but , 
never exactly, nevertheless some remarkable convergences of un- 
‘related animals are recorded. The final truth is that a highly 
adapted or specialized form becomes, as it were, stereotyped and 
incapable of radical change, and with altering conditions may 
succumb where a less specialized and therefore more plastic race, 
meeting the changed requirements, survives. 
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CHAPTER XIX 
CURSORIAL AND FOSSORIAL ADAPTATION 


CURSORIAL ADAPTATION 


We have already discussed various means whereby creatures 
compete with each other for the two prime requisites of existence— 
food and safety. These took the form of coloration, of mimicry, 
of stealth, of parasitism, or of bodily prowess. Now we would 
speak of forms which live in the open, of the pursuer and the pur- 
sued, for while such creatures do not perhaps constitute a very 
large proportion of the animal kingdom, as do the parasites for’ 
instance, they are nevertheless of great importance, and the evolu- 
tion of remotely related types has given rise to some remarkable 
instances of convergent evolution. 

Speed adaptation has been developed in a very wonderful way 
in terrestrial (cursorial) types, in aquatic, and finally in aérial 
forms. Of these we will first discuss the terrestrial. 

Vertebrates Showing Speed Adaptation.—The following is a 
list of vertebrates which show this adaptation for speed: 


Class Reptilia. Reptiles 


Order Squamata. Lizards and snakes. 

Especially certain of the Agamide. Chlamydosaurus, the frilled 
lizard of Australia. Numerous others, especially desert-inhabiting 
forms. 

Dinosaurs (see Chapters XXX and XXXI). 
Order Saurischia. Carnivorous and amphibious dinosaurs. 

Most of the carnivorous dinosaurs, especially the smaller, more agile 
Cceelurosauria: Podokesaurus, Hallopus, Celurus, Compsognathus, 
and of the Theropoda: Ornithomimus and Ornitholestes. 

Order Ornithischia. Herbivorous beaked dinosaurs. 

Nanosaurus and the Camptosauride. 


Class Aves. Birds 


Division Ratite. Flightless cursorial birds. 
Especially emus, cassowaries, ostriches, and rheas, and probably 
the extinct Dinornithes, the moas of New Zealand. 
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Division Carinate. Flying birds. 
Of these few are adapted for speed except perhaps the rails, one of 
which (A ptornis) is flightless. 
Certain of the Limicole, plovers, oyster-catchers, etc., are also speedy 
for short distances. 


Class Mammalia. Mammals 


Order Marsupialia. 
Dasyuride, especially Thylacynus, the dog-like Tasmanian “wolf.” 
Peramelide, the bandicoots. 
Macropodide, the kangaroos. 
Order Rodentia. 
Leporide. Hares and rabbits. 
Caviide. Cavies. 
Dipodide. Jerboas. 
Order Carnivora. 
Canide. Dogs. 
Felide. Cats. Especially Cynelurus, the hunting leopard. 
Cohort Ungulata. 
Order Perissodactyla. 
Hyracodontide. Extinct cursorial rhinoceroses. 
Equide. Horses, living and extinct (see Chapter XXXV). 
ee Artiodactyla. 
Protoceratide. Extinct. 
Antilocapride. American prong-horn antelope, Antilocapra. 
Cervide. Deer. 
Bovide. Especially the African antelopes. 
Giraffidee. Giraffe and okapi. 
Tylopoda. Camels (see Chapter XXXVI). 
Order Litopterna. South American ungulates. 
Especially the Proterotheriide, the extinct “pseudo-horses.” 


Bodily Contour.—All speedy animals, whether terrestrial, 
aquatic, or aérial, have the body moulded externally in such a way 
as to offer the least resistance to the medium through which they 
pass. Owing to the greater resistance of water, this is especially true 
of the aquatic, nevertheless a speedy cursorial type also shows it, 
though not always as well when at rest as it does when in action. 
A race-horse with head and neck extended, ears thrown back, and 
every tense muscle of its wonderful body working with machine- 
like precision, shows the beautiful contour of a perfectly adapted » 
mechanism. The body spindle-shape, the lines extended into 
the neck and head without a break in their even curves—all are 
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calculated for swift passage through the air with a minimum of 
resistance. 


Mechanism 


Loss of General Utility—The propelling organs in cursorial 
forms are the limbs exclusively, so that, aside from the resistance- 
lessening contour, this adaptation concerns itself chiefly with their 
modification, of which the first is the loss of general utility. This 
is especially true of the hind limbs, first because they are the more 
efficient drivers and therefore, especially in forms whose adapta- 
tion has not gone very far, they are apt to be somewhat in advance 
of the fore limbs in the degree of their evolution. For this several 
reasons may be assigned: (1) The extended hands pull the body 
forward in running; (2) the fore part of the body is usually heavier 
than the hind part and requires larger limbs to support and propel 
it; (3) running is a sort of leaping on all fours, and the hands are 
larger and wider to take the impact when the animal falls forward; 
finally (4) the fore limbs, being nearer the mouth and hence per- 
haps somewhat concerned in food-getting, are the last to lose their 
general utility. Two notable instances of this accelerated evolu- 
tion of the hind limbs over the fore are the early four-toed horses 
of the Eocene (Hyracotheres, see Chapter XXXV) in which, 
while the hand still retains its four digits, the foot has but three. 
It is not until Oligocene time that the additional finger is lost and 
the evolution of both limbs becomes parallel. In another Oligocene 
form, Protoceras, a curious artiodactyl with remarkable excrescences 
upon the skull and dagger-like canine teeth, the hand is four-toed 
while the foot has but two. 

Change in Foot Posture.—The primitive terrestrial foot is 
plantigrade (Lat. planta, sole, and gradi, to walk) which means 
that the entire palm or sole rests on the ground, neither wrist nor 
ankle being raised. Almost the first step in speed adaptation is 
the lengthening of the limb and this may be accomplished without 
the actual elongation of a bone, merely by rising upon the toes. 
While the bear, raccoon, and the primates such as the baboons and 
man are plantigrade, probably secondarily so, a large proportion 
of modernized mammals have become digitigrade (Lat. digitus, 
finger, toe), walking or running upon the digits themselves, with 
the bones of the wrist (carpal) and ankle (tarsal), the upper ends 
of the palm (metacarpal) and the sole bones (metatarsal) clear of 
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the ground. Some of the speed- 
iest of animals—dinosaurs, 
birds, dogs—all mammals in 
fact but the ungulates, have 
merely perfected the digiti- 
grade gait, developing special 
sole-pads for the absorption of 
the shock of impact, and have 
never gone beyond it. The un- 
gulates or hoofed animals, on 
the other hand, walk on the 
modified nail or hoof (unguli- 
grade, Lat. ungula, hoof), the 
distal toe-bones (unguals) being 
depressed or flattened and not, 
with rare exceptions, com- 
pressed or claw-like. The hoof 
has reached the highest degree 
of perfection in the horses; in 
other related but non-cursorial 
types like the rhinoceros the 
hoofs bear little of the weight, 
as a broad cushion-like pad 
serves instead (Fig. 52). 
Ungulate animals show all 
gradations from the semiplanti- 
grade condition of the slower 
forms to the high, stilted hoofs 
of certain of the African ante- 
lope, notably the klipspringer 
(Oreotragus saltator). A truly 
unguligrade condition has never 
been attained among reptiles, 
although certain beaked dino- 
saurs had depressed instead of 
claw-like unguals. Triceratops 
and Stegosaurus were certainly 
far from speedy; Trachodon, on 


the other hand, which also bore eee 
1g. 


this type of ungual, was bipedal 


Fic. 51:-—Foot postures. A, plantigrade, 


B, digitigrade, hyena; C, unguligrade, 
(After Pander and D’Alton.) 
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and doubtless possessed a fair measure of speed when well under 
way, though little celerity of movement is indicated. 

Certain ungulates like the camels have become secondarily 
digitigrade, the foot having retrogressed as an adaptation to the 
yielding desert sands (see page 627). This is 
not accompanied, however, by any material 
loss of speed, as the camels are among the most 
: | remarkable travelers of all terrestrial forms. 

Loss of Digits.—Plantigrade animals are 
generally five-toed; there are of course excep- 
tions, but the elevation of the heel or wrist gen- 
erally carries with it digital reduction, digiti- 

Fic. _52.—Rhinoceros_ grade animals becoming four-toed, unguligrade 
foot, sectioned to show 
the supporting pad. (Af- four-, three-, two-, or even one-toed (see page 
ter Osborn.) 605), two toes in the artiodactyls and one inthe 

perissodactyls being the irreducible minimum. 

The frilled lizard of Australia, Chlamydosaurus, is five-toed but 
the lateral toes are shorter than the median ones, which is almost 
universally true except in aquatic types such as the seal and otter. 
Hence when Chlamydosaurus runs on its hind feet, as it does when 
startled, the outer and inner toes are raised off the ground and the 
animal makes a three-toed track. . If this were the habitual gait 
of the creature, the lateral digits would be rendered practically 
useless and would follow the course of all useless organs and become 
reduced, whatever the philosophical explanation of the means 
whereby this is accomplished. 

Environment as well as speed adaptation has its influence in 
determining digital reduction, for it will be accelerated if the ground 
is hard, as in the prairie-evolved horse with but one remaining digit, 
or the pronghorn antelope of similar environment with two. On 
the other hand, the Miocene forest horse, Hypohippus, retained 
the lateral toes as functional organs just as the reindeer and cari- 
bou (Rangifer) have to-day, as an adaptation to a yielding footing, 
while contemporary relatives had in each instance evolved much 
farther along the line of digital reduction. 

Concurrent with the loss of digits, especially if the foot be length- 
ening after the manner to be described below, comes a compacting 
of the bones of the palm and sole (metapodials) and often this is 
carried so far as to give rise to actual fusion of these elements into a 
“cannon-bone.” The dinosaurs, with one doubtful exception, 
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never attained an actual fusion, although in many 
respects, especially in Ornithomimus of the Cretace- 
ous, the foot is very bird-like. The birds, on the 
other hand, always show a fusion of the meta- 
tarsals. Among mammals the carnivores do not 
form a cannon-bone nor does the marsupial wolf; 
but all of the speed-adapted ungulates do. Ancient 
ungulates, however, had the metatarsals separate, 
and we can often witness the fusion in fossil series 
(camels, etc.) when the proper degree of speed 
adaptation has been reached. Among rodents, the 
jerboa (see Fig. 55), a three-toed bipedal form, has 
a foot and metatarsus so wonderfully bird-like that 
one almost has to count the phalanges of the digits 
to be sure he has a mammal before him. 

Reduction of Fibula and Ulna.—The fore arm 
and shin, that is, the second segment from the body, 
have each typically two bones: in the arm, the radius 
and ulna, and in the leg, the tibia and fibula. These 
are both developed in slow-moving forms or where 
the fore limb still has considerable general utility, 
especially if the rotation of the hand on the arm is 
retained. On the other hand, cursorial forms, es- 
pecially if the limbs are exclusively locomotor, tend 
to lose the ulna of the arm, the proximal end only 
being present in extreme cases to form the elbow 
joint. They also lose the fibula of the leg, which 
may be reduced to the merest vestige. 

Loss of Universal Movement.—The entire mo- 
tion of the limbs becomes pendulum-like, that is, 
restricted to movement in but one plane, the ex- 
ception being at the hip and shoulder, where uni- 
versal movement is still retained through the de- 
velopment of a ball-and-socket articulation. The 
necessity for this is apparent, first to avoid inter- 
ference between fore and hind feet when running, 
since a dog, for instance, at top speed brings his 
hind feet well in advance and outside of the fore. 
A second need is that of lying down and rising again, 
which would be practically impossible were the 


Fic. 53.—Hind 
limb of horse, 
Equus caballus, to 
show pulley-like 
joints for the re- 
striction of move- 
ment to one 
plane. (Modified 
from Osborn.) 
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Fic. 54.—A, three-toed horse, Hipparion (Neohipparion), showing cursorial 
adaptation for run or gallop; B, mastodon, M. americanus, showing graviportal 
adaptation for walk or amble. (After W. K. Gregory.) 
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movement at hip and shoulder restricted to the fore-and-aft plane. 
With the other articulations, those of ankle and wrist, knee and el- 
bow, and between the digits, the tendency is toward rigid limita- 
tion of movement in unguligrade, less so in digitigrade forms. This 
is accomplished by the development of tongue and groove joints 
such as were discussed under kinetogenesis (Chapter XII). These 
are very perfectly shown in the hind limb of a modern horse, as 
well as at the elbow joint (Fig. 53), forming in each instance an 
articulation permitting movement through a wide arc in one plane 
of space and none whatever in any other. These joints, while they 
may be broken, can not be dislocated. 

The limbs are compound levers, for not only is there motion of 
the limb as a whole but also between its component parts. The 
lengths of each of the several segments bear definite relations to 
the speeds developed and also to the loads they have to carry. 
Those forms which, like the elephant, are mighty of frame, have a 
type of limb which is in marked contrast to that of a horse. To 
the former type has been applied the term graviportal (7. e., weight- 
carrying), to the latter cursorial, although both are adapted to 
increase their owner’s traveling powers. In the graviportal type 
such as the mastodon, the foot is short and the thigh and shin 
relatively long, whereas in a cursorial form the foot elongates and 
the thigh is conservative (see Fig. 54). This may be shown by a 
comparison of ratios between the middle metatarsal and the femur, 
thus: 


Length of metatarsal IIT 


Ratio : 
Length of femur 


Graviportal Subcursorial Cursorial 
Uintatherium .I0 Eohippus .50 Equus .78 


Mastodon c\itit | Tragulus 56 Antelope 1,00 


Elephas £13 Mesohippus 57 Odocoileus ! I .co 


} Virginia deer. 


Lengthening of Limbs.—The lengthening of the limbs in curso- 
rial types is usually thus accomplished by a growth of the distal seg- 
ments only, the foot and shin and hand and fore arm increasing, 
but rarely the thigh or upper arm. This increase is therefore both 
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actual and relative. This is well shown in comparing the limb of 
a horse with that of a man (Pl. IV), for while the human thigh may 
actually exceed the length of that of the horse, the horse’s foot, 
which is measured from the end of the hoof to the hock, the 
equivalent of the human heel, may be two and a half times that of 
the man. 

This lengthening of the distal segments, which is for the pur- 
pose of increasing the length of stride, would be of little avail were 
the muscles not concentrated at the proximal end of the limb, their 
power being transmitted by long slender tendons to the lower leg 
and foot. One effect of this may be best understood by compar- 
ing the limb with a pendulum. The length of the pendulum de- 
termines the length of swing, but the position of its center of 
gravity controls its speed or rate of beat. To accelerate the beat, 
therefore, the bob is moved upward, to retard it, it is moved down- 
ward, the arc of pendular motion remaining constant. This con- 
centration of the muscles at the proximal end of the limbs has the 
same effect as raising the pendulum bob, and by this device—long 
slender limb and high but powerful muscles—the maximum length 
of stride and speed of movement are obtained. While this may 
well be an important reason for the concentration of muscle, the 
parallel with the pendulum is not exact, for the opposing muscles 
not only serve to initiate the swing but also to damp it. Perhaps 
the chief reason, therefore, is that by raising the insertion points 
of the thigh-muscles focussing around the knee, the angles of in- 
sertion of many muscles are increased and this gives higher pro- 
pulsive components, across the shaft of the femur; at the same 
time the muscles are shortened and made thicker, which increases 
their power and speed of contraction. It can readily be seen that 
a limit may be reached beyond which bone will not stand the strain 
to which it would be subjected, although bone is a wonderfully 
efficient material. Hence one would expect to find the greatest 
speed developed on the part of creatures of small to moderate 
size—the antelope of Africa or horses like the wild ass of Persia 
(Equus onager) the speed of which has been mentioned (page 285) 
and which reaches a stature of but 11% hands. The modern race- 
horse is relatively small compared with some other breeds, and 
the limit of weight, size, and speed consistent with safety seems to 
have been approximately reached. 

Ratios.—Lengthening of limbs also implies, at any rate in a 


in the horse. 


Fairfield Osborn.) 
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quadruped, the concurrent lengthening of neck and skull in order 
that the animal may readily reach the ground for food and drink. 
Hence the various parts of an animal’s frame bear definite ratios 
to one another and this may also extend to individual bone pro- 
portions, a definite “speed index” being recognizable. This makes 
it possible through the law of correlation to gain some insight into 
the habits of extinct and little-known forms through the study of 
comparatively fragmentary remains. 


Bipedality 


A two-footed mode of progression as an adaptation to speed 
has been repeatedly evolved among vertebrates, as follows: 

Reptiles. 

Lizards, several occasionally bipedal. 
Dinosaurs, two evolutions.! 
Birds. 
One evolution. 
Mammals. 
Marsupials, one evolution. 
Rodents, three evolutions.” 

In all, eight or more times. 

The erect posture of man was probably not originally a speed 
adaptation, nevertheless speed has always been a vital factor in 
human evolution, in all offensive and defensive operations. The 
human foot, which was originally a climbing structure, has been 
readapted for bipedal walking and’ running. The long thigh and 
shin of modernized man increase the stride materially in contrast 
to those of the gorilla and chimpanzee. The Neanderthal man 
(see Chapter XXXVIII) had short stocky limbs as compared 
with the existing species, but doubtless could outrun any of the 
anthropoid apes. 

Reduction of Fore Limbs.—In bipedal creatures the hind limbs 
form the exclusive means of rapid propulsion, hence all of the cur- 
sorial adaptations which have been mentioned apply solely to them. 
The fore limbs, on the other hand, retain their generalized charac- 
ter, as their sole use is for resting (kangaroo, herbivorous dinosaur) 


1 Assuming that the so-called dinosaurs are diphyletic (see Chapter XXX): 
Ornithischia, Saurischia. 
2 Heteromyide, Dipodide, Muride. 
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or for slow locomotion while feeding. They often serve as very 
efficient organs of prehension. Because of the marked division of 
labor between the limbs, disparity of size soon arises and, as cur- 
sorial adaptation is perfected, the fore limbs grow proportionately 
smaller and smaller until at length, as in the ultimate carnivorous 
dinosaurs (see Chapter XXX, Fig. 154), they become so absurdly 
reduced that it is difficult to conjecture their use. 

Counterpoise.—Some sort of counterpoise is always necessary 
in a semi-erect biped and the tail usually assumes this function. 
In the kangaroo and in the dinosaurs it is a powerful organ and 
serves as a prop, like a third limb, when the creature rests without 
coming down on all fours. The tail may be comparatively short 
and heavy in larger forms or extremely long and slender in more 
lightly built creatures, on the principle that an ounce at the end 
of a sixteen-inch lever is as effective as a pound on one but an inch 
in length. Many dinosaurs and bipedal lizards have a long, at- 
tenuated tail; this is especially true of the dinosaur Podokesaurus 
(Fig. 152), a Triassic form from the Connecticut valley, and of the 
Australian frilled lizard Chlamydosaurus. Among mammals the 
kangaroos have a relatively short, heavy tail, the jerboa on the 
other hand has a very slender one terminating in a tuft of hair, 
which through its resistance to the air adds effect to the counter- 
poise. 

No existing birds have a long tail, that is, as regards the actual 
tail itself, although the feathers may be long. These as in the case 
of the pheasants may subserve a balancing function. The true 
cursorial birds, Ratite, are practically tailless, but maintain their 
balance with ease, the head and neck sufficing. The ostrich raises 
its wings as an aid in running, but with the practically wingless 
cassowary the head and neck alone must serve. 

Shortening of Neck.—In bipedal mammals there is a tendency 
toward reduction in the length of the neck,.especially in the rodents 
such as the jerboa (Fig. 55), in which cursoriai adaptation is’ ex- 
treme and there is a remarkable cervical reduction associated with 
the shortened skull. There is of course no diminution in the num- 
ber of neck vertebra, for the number, seven, is with two or three 
exceptions (sloths and manatee) constant among mammals; but 
the vertebrz themselves are shortened and tend to coalesce into a 
rigid mass of bone. Thus in the rodent Pedetes cervicals 2 and 3 
are so closely articulated as to eliminate motion, in Perodipus 
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Fic. 55.—Skeleton of jerboa. (After Pander and D’Alton.) 


the axis (2d cervical) and next two vertebre are fused, while in 
Dipus (jerboa) all of the cervicals except the atlas (rst cervical) 
are codssified as in the whales. As we shall see, the shortening of 
the neck may be also an aquatic adaptation, as it occurs in the 
whales and sirenians (sea-cows). 


Mental Precocity 


Animals which depend upon speed for safety, as the ungulates 
or the whales, can not have helpless young. Such must either be 
brought forth in some secluded den or carried about by the mother. 
Carnivores and rodents have very feeble young, but they are kept 
hidden until able to shift for themselves. The kangaroo, on the 
other hand, must carry her offspring with her and this undoubtedly 
proves a very heavy handicap to the race when competition with 
higher forms prevails, for the destruction of the mother means that 
of the young as well. With all other forms which depend upon 
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speed for safety, the young animal must be able to keep up with 
the herd almost at once. Hence there is no period of helpless in- 
fancy, but the new-born deer or horse or camel, with its grotesquely 
long limbs, has the relative mental alertness of a very much older 
dog or rat, although the ultimate mental attainments of the un- 
gulate may not be so great. 


Significance of Cursorial Adaptation 


Not only does speed adaptation give rise to some of nature’s 
most beautiful and perfect machines, but it seems to have a much 
deeper meaning which has been summarized by Broom. He is 
speaking of Permian reptiles: 

“The African, or more preferably the South Atlantic type, is 
chiefly remarkable for the great development of the limbs... . 
What may have been the cause we can not at present tell, but it 
was a most fortunate thing for the world. It was the lengthened 
limb that gave the start to the mammals. When the Therapsidan 
[mammal-like reptile] took to walking with its feet underneath and 
the body off the ground it first became possible for it to become a 
warm-blooded animal. All the characters that distinguish a mam- 
mal from a reptile are the result of increased activity—the soft 
flexible skin with hair, the more freely movable jaws, the perfect 
four-chambered heart, and the warm blood. It is further singularly 
interesting to note that the only other warm-blooded animals, the 
birds, arose in a similar fashion from a different reptilian group. 
A primitive sort of dinosaur took to walking on its hind legs, and the 
greatly increased activity possible resulted in the development of 
birds. Birds were reptiles that became active on their hind legs, 
mammals are reptiles that acquired activity through the develop- 
ment of all four.” 

Back of all this lay the impelling natural cause. The earliest 
known mammals are late Triassic, the first recorded bird Middle 
Jurassic; the inference that both stocks arose in Permian time is 
justifiable from the degree of evolution which each class had at- 
tained by the time the actual record of their existence begins. 
Schuchert tells us that early in the Permian the climate of the 
lands seems everywhere to have been arid or semiarid and that this 
condition lasted into Jurassic time. One characteristic of desert 
animals of to-day—the lizards, birds, gazelle, Persian ass—is speed, 
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for the creature must fare widely for food and drink if he would 
fare well. Again Schuchert tells us that the Permian was a time of 
extensive glaciation with a severity of climate, especially in the 
southern land masses, as great as if not greater than the polar one 
of Quaternary time, although, like the latter, the Permian glacial 
period had warmer interglacial intervals as well. The incentive 
for speed already given, rendering the development of warm blood 
possible, the devastating cold would soon place a premium upon 
such as did develop it and eliminate those which did not. From 
this fortunate relation of cause and effect arose on the one hand 
the primal mammal, making human evolution possible, and on the 
other hand the ancestral bird. 


FOSSORIAL ADAPTATION 


Classification 


Bionomic.—Fossorial types may be classified bionomically in a 
manner which denotes the degree of their adaptation to subter- 
ranean life. Thus there are, first, those whose habitation is above 
ground but which dig for their food. There are several such, like 
the swine and the elephant, but aside from the mere digging mech- 
anism—snout, tusks, etc.—there is but little fossorial adaptation 
to be noted. Nevertheless, such as it is, it may have a far-reaching 
secondary effect upon correlated organs. Thus the entire modifi- 
cation of the skull, jaws, and trunk, besides the tusks, of the ele- 
phant—structures which sum up almost all of the recorded evolu- 
tionary change of the most remarkable of beasts—are either directly 
or indirectly the result of fossorial habit (see Chapter XXXIV). 

Secondarily, there are those creatures which dig for retreat and 
which show still greater modification, especially in the body and 
limbs; but those whose food is above ground are not so profoundly 
modified along the line of degeneracy as those whose food also is 
found below. The latter, the wholly fossorial, exhibit the extreme 
of adaptation which is to be discussed. 

Zoblogic.-—Zoblogically, the partially and wholly fossorial ani- 
mals are the lowly, more primitive and defenseless or unambitious 
members of their respective phyla. They include representatives 
of every great vertebrate class except the fishes, but the appended 
approximate summary is based almost entirely upon existing forms. 
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Class Amphibia 
Ceecilians. 
Class Reptilia 
Sphenodon 
Uromastix. = 


Legless lizards. 
Desert snakes. 


Class Aves 


Burrowing owl. 
“Starlet” sp., of Mingan Islands. 
Cliff swallow. 


Class Mammalia 


(All wholly fossorial mammals are primitive, small, plantigrade, pen- 
tadactyl, with moderate to large claws, and relatively defenseless.) 
Order Monotremata. Entire order. 
Order Marsupialia. 
Wombat (Phascolomys). 
Dasyure (Dasyurus). 
Kangaroo-rat (Bettongia). 
Pig-footed bandicoot (Cheropus). 
Marsupial mole (Notoryctes). 
Order Edentata. 
Armadillos. 
Aardvark (Orycteropus). 
Order Insectivora. 
Common moles (Talpa, Condylura). 
Golden mole (Chrysochloris). 
Shrew-mole (Scalopus). 
Water-shrew (Crossopus). 
Desman (Mygale). 
Hedgehog (Erinaceus). 
Oryzoryctes. 
Order Rodentia. 
Hares (Lepus). 
Ground-squirrels (Spermophilus). 
Prairie-dog (Cynomys). 
Woodchuck (Arciomys). 
Pocket-gopher (Geomyide). 
Mole-rats and bamboo-rat (Spalacidz). 
Octodontide. 
Paca (Celogenys). 
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Viscacha (Lagostomus). 
Bathyergide. 
Siphneine. 
Order Carnivora (retreat only). 
Otter (Lutra). 
Ratel (Meilivora). 
Javanese skunk (Mydaus). 
American badger (Taxidea). 
Cohort Ungulata. 
Few dig for food: swine, elephants, mastodons. 


Modifications 


Body Contour.—The density of the medium through which the 
burrowing form must penetrate necessitates a spindle or fusiform 
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Fic. 56.—Skeleton of platypus, Ornithorhynchus: fib, fibula; hk, humerus; i, 
ilium; zs, ischium; o/, olecranon; sc, scapula; u, ulna. (After Pander and 


D’Alton.) 


shape, not perhaps so beautifully modelled as in swift aquatic types, 
but such as will nevertheless offer but little resistance to subter- 
ranean passage. The greatest diameter in fossorial forms lies near 
the shoulder, due in part no doubt to the necessary strengthening 
of the shoulder girdle. This is true of the mole; in other forms, 
such as the duck-bill and echidna, the breadth of the stout body 
brings the greatest diameter further back, but in neither of the 
latter instances is the fossorial adaptation so extreme as in the 
former. Legless forms, snakes, lizards, and cecilians, have a cylin- 
drical body. (See Fig. 56.) ; 

Forward of the shoulder the head tapers rapidly so that the con- 
tained skull is subconical and lacks the widely expanded zygomatic 
or cheek arches of many surface types. This last feature, however, 
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is correlated also with the feeble jaw musculature, as almost all 
wholly fossorial types subsist upon feeble prey such as insects and 
worms, which require little strength of jaw or tooth. 

Tail.—The tail, even in semi-fossorial animals, is usually short, 
for not only would a long tail seriously incommode a subterranean 
creature, but its chief use in the mammal seems to be in connection 
with a cursorial habit, hence there is manifestly little need of its 
development in forms in which no premium whatever is placed upon 
speed. Thus in the hedgehog, ratel, and woodchuck the tail is 
short, while in the wombat and the several moles it is vestigial. 
The tail of subterranean forms has its uses, however, for it is said 
to serve as a valuable tactile organ. 

Eyes and Ears.—In truly fossorial types the eyes, through dis- 
use, tend to become vestigial. They would also be a source of injury 
in burrowing forms were they well developed. Two factors deter- 
mine in general the degree of visual reduction, the duration and 
completeness of subterranean life. Thus “in the pocket-gophers 
(Geomyide) and Bathyergide the eyes are small; in [the mole-rat] 
Spalax typhlus they are mere black specks among the muscles 
(although retaining a relatively complete structure); in the mar- 
supial mole (Notoryctes typhlops) they are imperfectly developed 
and functionless; in Talpa they are vestigial; in the Cape golden 
mole (Chrysochloris) the eyes are covered with skin” (Shimer). 

The external ears also tend to disappear as in aquatic types, for 
not only is their position such that they would be a decided obstruc- 
tion to burrowing, but they would tend to gather the soil within 
the ear and thus obstruct rather than aid in the collecting of sound 
waves, and further, their true function, just mentioned, can only 
be effectively rendered in the air. Hence in the Geomyide and the 
otter, which is also aquatic, the external ears are small, in the ratel 
(Mellivora) they are very minute, in the Bathyergide (Cape mole- 
rat, etc.) they are reduced to a slight fringe of skin around the aural 
aperture, while in the wholly fossorial moles all three sorts are bereft 
of ears entirely, which is equally true of the Monotremata. The 
last mentioned group, however, are so very primitive that they 
may never have had them. 

Digging Mechanism.—The snout forms an important organ for 
digging in the swine and in the hog-nosed snake (Heterodon), in 
each of which the organ is truncated and upturned at the tip. In 
the swine and in the mole 7alpa there is a prenasal bone developed 
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at the tip of the cartilage of the nose. This bone doubtless serves 
the same purpose in each instance, that of reinforcing the snout as 
an aid in digging. 

The incisor teeth particularly, and sometimes the canines (swine) 
form very adequate fossorial organs. If the incisors, they are apt 
to be procumbent or forwardly directed as in the pocket-gophers 
and thus protrude in such a way as to add to their effectiveness. 
The tusks of the elephants, as has been mentioned, and the procum- 
bent lower tusks of the primitive four-tusked mastodons in partic- 
ular, were very effective digging instruments if one may judge 
from the manifest wear to which they have been subjected. 

Cheek pouches for the carrying out of earth have given to the 
Geomyide their vernacular name of pocket-gophers. These pouches 
are found in many different mammals but their function is gener- 
ally that of the transportation or temporary storage of food. 
Their use in the removal of earth from the burrow, especially when 
the teeth form the principal digging mechanism, is very readily 
understood. 

The fore limbs are by far the most important fossorial organs of 
all, hence their development and modifications have reached an 
extreme. All of the limbs are very short and stout in wholly fos- 
sorial forms, for not only is the speed which length of limb implies 
unnecessary, but long limbs would be a positive detriment in a 
form working in such close quarters as the average burrow. Length 
would also increase the mechanical disadvantage which always 
accompanies a lever whose weight arm is long in proportion to the 
power arm. In some semi-fossorial types, on the other hand, such 
as the hares and the pig-footed bandicoot, there is need of speed 
sufficient to offset the advantages afforded by short limbs in their 
partial subterranean life. 

The hand particularly is broad and stout, with long claws, and 
it differs materially from the foot, as the two members have under- 
gone divergent specialization, the hand loosening the earth while 
the foot not only throws it further backward but also serves to 
drive the creature ahead and resists the occasional backward thrust 
received from the hands. In the common mole, Condylura, the 
hand is as broad as the entire body, so that a single sweep of this 
very efficient organ will clear a space wide enough for entrance, 
hence the digging is very rapidly accomplished. This broadening 
of the hand in the mole and in the echidna is effected not only by 
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having all of the original five fingers fully developed, but by the 
further addition of a bone (os falciforme) which increases the 
breadth of the palm materially (see Fig. 57). In the golden mole 


Fic. 57.—Hands of moles. A, common mole, Talpa 
europea, after Beddard; B, golden mole, Chrysochloris, 
after Pander and D’Alton, from Abel; C, palmar aspect, 
and D, dorsal aspect of marsupial mole, Noloryctes, after 
Carlsson, from Abel. I-V, digits; 7, radius; rs, radial 
sesamoid (os falciforme); u, ulna. 


(Chrysochloris, Fig. 
57,B) there are but 
four fingers, of which 
the two middle ones 
are greatly enlarged 
and bear powerful 
claws, so that while 
the hand is not broad- 
ened it is still very 
effective. 

The bones of the 
fore limb are always 
very strong, with very 
prominent _ tuberosi- 
ties for muscular at- 
tachment. This is 
especially true of the 
ridges at the proxi- 
mal end of the hu- 
merus, which serve 
for the insertion of 
the powerful shoulder 
muscle, and those 
which aid in rotating 
the hand. The ole- 
cranon process, which 
is the extension of the 
ulna beyond the el- 
bow-joint, is notably 
large in fossorial 
forms, as it is the in- 
sertion of the power- 
ful triceps muscle 


which serves to straighten the arm, hence the greater the ole- 
cranon the more effective the leverage (see Fig. 58). One pe- 
culiarity of wholly fossorial forms lies in the narrow shoulders, for 
the fore limbs must not dig too broad a burrow and yet must be 
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sufficiently developed to have adequate leverage. As a conse- 
quence the shoulder sockets must be as near each other as possible, 
and this is effected in one of two ways: generally by a shifting for- 
ward upon the neck of the entire shoulder girdle as in the mono- 
tremes and northern moles (Fig. 58); or, as in the golden mole 
(Chrysochloris, Fig. 57,B), by a hollowing out of the walls of the 
chest, the ribs and sternum (breast-bone) being convex inward 
instead of outward. The shifting forward of the shoulder in the 
true mole is accomplished through the elongation of the first sternal 


Cis 


Fic. 58.—Skeleton of common mole, Talpa europea. (After Pander and D’Alton.) 


segment (manubrium sterni), carrying with it the remarkably 
short clavicles or collar-bones. A powerful shoulder is essential 
to resist the great muscular strain, hence in digging types, as in 
those which climb and fly, the clavicles are retained and are fully 
developed. In the monotremes, not only are the clavicles present, 
but they are reinforced by a large T-shaped episternum and a pair 
of powerful coracoids which extend from the shoulder socket to 
the presternum (see Fig. 56). In no other mammals do these 
latter reptilian elements reach the breast-bone, but they are gener- 
ally represented by vestigial processes. Emphasis has been laid upon 
the retention of many primitive features by the monotremes and 
much of this may be due, as in the present instance, to their fos- 
sorial mode of life. It is sometimes difficult, however, clearly to 
distinguish cause and effect. 

The divergence of function which has been emphasized between 
fore and hind limb has resulted in a decided difference in their 
relative power. In the hind limb the femur is by no means as 
robust as the humerus, nor are its tuberosities for muscular attach- 
ment so excessively developed as in the latter bone. Greater 
strength is given to the lower leg by a partial fusion of the tibia 
and fibula, and the calcaneum or heel bone is very prominent, as 
the increased leverage thus gained aids very largely in pushing the 
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animal forward by extending the foot more powerfully. In the 
mole Talpa there is a large sesamoid bone at the side of the tibia 
corresponding to the os falciforme of the hand, but otherwise the 
foot exhibits none of the great modification which the hand has 
undergone. In the hind limb of the monotremes there is an un- 
usual extension of the proximal end of the fibula beyond the ar- 
ticulation at the knee comparable to the olecranon process at the 
elbow and doubtless subserving the same mechanical need (see 
Fig. 56). 

As the stress is largely transmitted from the hind limbs forward 
in the direction of the axis of the body in subterranean creatures 
instead of vertically in opposition to gravity as in most terrestrial 
forms, the ilium and ischium have become elongated in the fore- 
and-aft direction and lie parallel to the vertebral column instead 
of forming an angle therewith as usual. The ilium is also fused 
usually throughout its entire length with the sacrum, which in 
some forms, notably the armadillos, consists of a large number of 
coéssified vertebre. 

In addition to the firm fusion of the sacral vertebre, those of the 
loin and neck also tend to codssify to give greater strength and 
firmness in pushing the animal through the earth. It is also pos- 
sible that the peculiar intercentral ossicles between the lower por- 
tions of the lumbar vertebre of the mole Talpa and the hedgehogs 
(Erinaceidz) may be of use in strengthening the vertebral column. 
Such structures are comparatively common among reptiles, but 
are extremely rare among mammals except in the tail. The neck 
vertebre vary, for in the wombat (Phascolomys) and the arma- 
dillos the cervicals are wide and depressed, and in the latter several 
of them are commonly fused together or anchylosed as in the whales. 
In the mole the fourth, fifth, and sixth cervicals are much elon- 
gated and overlap each other. This region of the neck is that cov- 
ered by the forward-shifted shoulder girdle, which undoubtedly 
accounts for this modification. The transverse processes of the 
lumbar vertebra and the muscles which are attached to them ex- 
hibit comparatively little development, as the strains transmitted 
are largely longitudinal with little or no lateral movement. 

Hibernation.—Winter sleep is a necessity on the part of sub- 
terranean animals living beyond the limits of the tropics, because 
of the absence of green vegetation which forms either directly, or 
indirectly by supporting insects and worms, the mainstay of their 
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diet. Digging through frozen soil would be so insuperable a task 
that it is also prohibitive of active underground life. An exception 
to this rule would be the lemming (Myodes lemmus) whose ‘food 
is entirely vegetable, especially grass-roots and stalks, shoots of 
the dwarf birch, reindeer-lichens, and mosses, in search of which 
they form, in winter, long galleries through the turf or under the 
snow” (Flower and Lydekker). 
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CHAPTER XX 


AQUATIC ADAPTATION 


Primarily Aquatic Vertebrates 


By primarily adaptive forms we mean the fishes, which have 
never had a terrestrial ancestry, but have evolved from more 
primitive aquatic progenitors. As a consequence their adaptation 
to a watery medium is perfect and they do not suffer as those 
secondarily adapted do through their inability to breathe water. 
They are, therefore, the primitive gill-breathing vertebrates, some- 
times with accessory air-breathing organs, it is true, but retaining 
the gills as the chief or only respiratory organs throughout life. 
But this is not all, for the dense medium in which they live has 
exerted so profound an influence upon them that, with some excep- 
tions which only serve to emphasize the rule, they are stamped in 
a common mould, giving them so great a similarity of form that 
no one fails to recognize a fish. 

Contour in an aquatic vertebrate is all-important, for nature as 
a marine architect conforms to rules of mathematical precision, 
the study of which has aided very largely in ship designing. The 
head, body, and tail are compressed into a beautifully curved 
spindle-like form, the entire surface of which is accurately rounded, 
with no protuberances which would retard the swift passage of the 
animal through the water. The head is wedge-shaped, the edges 
of the jaws and gill-covers fit precisely, and even the eyes conform 
accurately to the curvature of the head. Viewed from the front, 
the outline of a typical swiftly swimming fish like the Spanish 
mackerel (Scomberomorus maculatus, Fig. 59) is a perfect ellipse, 
and the fins which are so prominent when viewed from the side 
can scarcely be seen, as they are reduced to thin keel-like lines. 
The greatest circumference of the fish is approximately 36 per cent 
of the length, measured from the snout, the “entering angles” being 
very similar for a great many different fishes. From the point of 
greatest cross-section the lines of the “run,” as it is called, are also 
very similar—smooth, hollow curves which freely permit the passage 
of the displaced water. 
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Locomotion is effected by lateral undulations of the flexible 
bedy, aided by the fins. The latter are not, therefore, primary 
but accessory locomotive organs. The body is thrown into a series 
of reversed curves which begin at the head, pass along the body, 
and disappear at the tail. The static water enclosed i in the incurved 
places is pressed upon, causing the fish’s forward movement. Of 
course in an ordinary fish there is some lost motion or “slip,” for 


Fic. 59.—Type of swift-swimming fish, Spanish mackerel, Scombe- 
romorus maculatus. A, side view: a, anal fin; c, caudal; d, dorsal; pec, 
pectoral; pel, pelvic. B, front view. (After Goode, from Dean.) 


the water is not sufficiently resistant to oppose the thrust of the 
body, but in the larval eel, which is a thin ribbon-like creature 
whose great relative depth presents a large lateral surface, the 
swimming is so precise that if a pencil is held in one of the hollows 
the fish’s body passes without touching it at all. The other ex- 
treme is seen in the swimming efforts of an ordinary snake which, 
while it does progress, loses a great deal of motion because its 
lateral surface is not sufficiently great. 

This increase of resistant surface is obtained in the fish through 
the development of the unpaired fin-folds of the skin, stiffened by 
fin-rays of elastic bone or cartilage. These unpaired fins may be 
more or less continuous from the head along the mid-line of the 
back, around the tail and forward along the under side as far as 
the vent. Usually, as in the Spanish mackerel, this continuous 
fin-fold is broken up into a number of distinct fins, developed where 
stresses arise, and disappearing where there are none. ‘The fins 
along the back are known as dorsal, that around the tail as caudal, 
and that beneath the body as anal. Of these the caudal is by far 
the most important as a propelling organ. The mackerel also shows 
horizontal keel-like ridges on either side of the tail. 

The fish also has lateral or paired fins corresponding to the arms 
and legs of the terrestrial vertebrate. Of these the pectoral fins 
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lie just behind the gill apertures at the shoulder, while the pelvics 
are more variable in position, though normally they should lie 
on either side of the vent. The unpaired fins when held out from 
the body may be simple keels like the unpaired fins; the pectorals 
especially, however, may have additional functions, as they serve 
as balancers and also to check the animal’s way. Perhaps the 
primitive function of the paired fins was to maintain a horizontal 
position, as the removal of the pectorals tends to make the fish 
dive, and of the pelvics, to rise to the surface. 

Air-bladder.—As a further adaptation to aquatic life all fishes 
above the sharks may have a structure known as the air-bladder— 
a hollow organ filled with air or gas, the present function of which 
is largely hydrostatical, in that it maintains the fish at a certain 
plane of flotation. Ifthe creature wishes to sink, the body is slightly 
compressed through muscular contraction, and with it the air- 
bladder. This lessens the bulk, and the weight remaining constant, 
the specific gravity is increased, with a resultant loss of buoyancy. 
Relaxation of the muscles has the contrary effect, the compressed 
gas in the bladder expands, increasing the fish’s size and thereby 
decreasing the specific gravity, and the creature rises. The prin- 
ciple is comparable to the method whereby the plane of flotation 
of a submarine vessel is controlled, although the mechanism differs, 
for here water is admitted to the ballast tanks to be driven out 
again by compressed air, and thus the ship sinks or rises as the case 
may be. 

The swim-bladder is an outgrowth of the alimentary canal and 
is a very important organ in the evolution of higher forms, for it 
is the homologue of the lung of the terrestrial animal, and there 
can be no doubt that the air-bladder of certain ancient fishes, the 
primal function of which may well have been respiratory rather 
than hydrostatic, actually evolved into a lung when the drying up 
of the waters left them stranded and they were forced to become 
air-breathing. Thus arose the progenitors of all terrestrial ver- 
tebrates (see Chapter X XIX). 


Secondary Aquatic Adaptation 


Secondarily aquatic forms are the lung-breathers which, through 
stress of circumstances—inhospitable lands where food was scarce 
or competition severe—were forced to return once more to the 
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primal home of their remote ancestors. There is always, as has 
been said, the handicap of lung-breathing, but otherwise the adap- 
tation of certain of the more extreme forms is little short of mar- 
velous. — 

As an offset to this handicap it should be remembered that lung- 
breathing made possible or at least accompanied a tremendous 
advance in other organs and their functions, such as a higher brain 
with a consequent psychological advancement. When the lung- 
breathers turned back to the waters, they readopted only the 
externals of fish life, but kept in varying degrees the higher brain 
and the more efficient methods of aération of the blood and of 
locomotion. And again and again they easily won a place on the 
lower level against the most highly specialized of the inferior grades. 

Amphibious vertebrates, as the name implies (Gr. aud/, double, 
and Bios, life) spend part of their time on land and part in the 
water. They are really terrestrial forms, showing partial aquatic 
adaptation only, which rarely extends beyond the possession of 
webbed feet, a laterally compressed swimming tail, which may 
bear a fin-like expansion along its upper margin, and sometimes a 
lack of codssification of certain of the wrist and ankle bones. The 
class Amphibia, which embraces the historically transitional forms 
in the original landward migration, modified representatives of 
which still exist, breathe typically by means of gills during their 
youth, and sometimes throughout their life. Others abandon their 
gill-breathing at the approach of maturity and become as essen- 
tially terrestrial as a reptile. 

Instances of amphibious life among forms above the class Amphi- 
bia are numerous, but one or two instances will suffice. The Gala- 
pagos lizards (Fig. 60) which were mentioned in Chapter V 
are instances of forms terrestrial from choice but aquatic from 
necessity, for, it will be remembered, they live on certain rocky 
islands of the Galapagos group, swimming out beyond the breakers 
and diving for the seaweed upon which they feed. There is evi- 
dently no menace to their safety ashore but their aquatic excur- 
sions are made in actual dread of bodily injury, as their behavior 
indicates. Here a flattened swimming tail and slightly compressed 
body are the extent of their aquatic adaptation. 

Another instance wherein the habits are inferred rather than 
the result of observation is that of the late Cretaceous Trachodons 
(see Chapter XXXI), a group of dinosaurs of which our knowledge 
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Fic. 60.—Galapagos sea-lizard, Amblyrhynchus cristatus. (After Brehm, from 
Williston’s Water Reptiles.) 


is very complete, for not only have all parts of the skeleton and 
dentition been preserved to us, but fossilized mummies as well 
(see Chapter X XV), creatures which died in the open and simply 
dried up so that bone and sinew, hide and even portions of the 
flesh have been preserved with great fidelity. These creatures 
had a wonderful battery of teeth, an adaptation to a very harsh 
herbage, presumably the Equisetales or horsetail rushes which 
are found preserved with them. While modern horsetails may be 
found in damp situations, they are never truly aquatic, so the 
inference is that Trachodon found its staple diet on land. On 
the other hand, the splendid swimming-tail, webbed hands and feet 
imply an aquatic or at least amphibious type. Add to this the 
fact that the creature was defenseless, utterly devoid either of 
weapons or armor, and that its arch-enemy 7 yrannosaurus was 
also terrestrial, and we have evidence which points to a reversal 
of the life conditions of the Galapagos lizards, for with the 
dinosaur food was on land and safety and retreat in the waters. 
One would therefore expect the greater relative degree of aquatic 
adaptation which they show. 
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The marine turtles (Fig. 6r) have gone a long step further in 
that here both food and safety are found at sea and only the need 
of egg-laying 
brings them to 
the land at all, 
and this annual 
shoreward migra- 
tion is fraught 
with dire peril 
which nothing but 
the most urgent 
summons would 
cause them to 


face. There is 


reason to believe, Fic. 61.—Marine eae aie Chelone imbricata. 
ter Haeckel. 


moreover, that in 
some species the males never come ashore. 

The final stage in reptilian adaptation was shown by the ichthyo- 
saurs (Fig. 62) of the Mesozoic whose perfection for their life con- 
ditions equalled that of the modern whales, even to the utter 
abandonment of shore going, for there is abundant evidence from 
the contained em- 
bryos in several known 
specimens that these 
medieval hig h-seas 
corsairs brought forth 
their young alive and 
therefore needed not 
to .go ashore for egg- 
laying. This is a nec- 
essary part of ulti- 
mate aquatic adapta- 
tion, for no egg laid 
Fic. 62.—Ichthyosaur. Restoration by Knight. (From by an amniote air- 

Schuchert’s Historical Geology.) breathing vertebrate 
(i. e., allantoic egg, see page 495), can be hatched in the water, as 
the enclosed embryo would drown as certainly as would a sub-; 
merged adult. 


322 


ORGANIC EVOLUTION 


A list of secondarily aquatic vertebrates follows: 


Order Chelonia 
Order Sauropterygia 
Order Proganosauria 
Order Ichthyosauria 
Order Thalattosauria 
Order Parasuchia 
Order Crocodilia 


Order Dinosauria 
Eight orders 


Order Odontolce 
Order Ichthyornithes 
Order Pygopodes 
Order Impennes 
Order Tubinares 


Order Steganopodes 


Order Herodiones 

Order Anseres 

Order Gavie 
Nine orders 


Order Monotremata 
Order Marsupialia 


Order Insectivora 
Order Rodentia 


Order Carnivora 
Suborder Fissipedia 


Suborder Pinnipedia 
Order Cetacea 
Order Ungulata 
Order Sirenia 
Eight orders 


Crass REPTILIA 
Amphibious 
Swamp and river turtles 

Nothosaurs 


Phytosaurs 

Crocodiles and alliga- 
tors 

Amphibious sauropods, 
Trachodons 


Criass AVES 


Ichthyornis 
Loons and grebes 


Petrels, albatross, puf- 
fins, etc. 


Gannet, cormorant, 
frigate bird, pelican 
Flamingo 


Ducks and geese 
Gulls, terns, auks 


Crass MAMMALIA 


Ornithorhynchus 
Water opossum 


(Chironectes) 

Aquatic shrews, des- 
man, etc. 

Muskrat, water rat, 


beaver, capybara, etc. 


Sea otter, otter, mink, 
etc. 


Hippopotamus 


Aquatic 
Sea-turtles 
Plesiosaurs 
All 
All 
All 


Extinct sea-crocodiles 
(Thalattosuchia) 


Hesperornis 


Penguins 


Great auk 
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Thus there are twenty-five orders of secondarily adapted water- 
inhabiting vertebrates all told, some of which are exclusively 
aquatic. Many of these, of course, are now extinct, so that the 
whole number is far in excess of those of any one time. Of aquatic 
lung-breathers, the honor falls to the reptilian order Proganosauria, 
which are the first in point of time, as their remains are found en- 
tombed in rocks of Permian age not very long, relatively, after the 
reptiles were established. 

Body Contour.—As in the case of primarily adapted forms, the 
bodily contour becomes spindle-shaped, the neck constriction dis- 
appears, the tail enlarges, and the same “numerical lines” prevail 
as in fishes. This assumption of the fish-like form is best seen in 
the fully aquatic orders—-Ichthyosauria, Cetacea, Sirenia, Pin- 
nipedia—and to a lesser extent in several other groups. The minor 
factors contributing to this general effect are, first, skull modifica- 
tion. This includes a shortening of the cranium or brain-case, which 
becomes proportionately higher and wider, with a consequent effect 
upon. the proportions of the brain, which is likewise short and wide. 
The facial portion of the skull, on the contrary, tends to elongate 
so that many forms, especially those which subsist upon active 
prey, as the porpoises and ichthyosaurs did, have an elongated 
slender snout or rostrum. The zygomatic or temporal arch in the 
Cetacea is also reduced almost to a vestige (see Fig. 70). 

The neck shortens very materially and there is a loss of mobility 
in the swifter, tail-driven types. In those forms like the plesio- 
saurs, whose paddle propulsion is necessarily slower, an elongated, 
supple, darting neck is necessary to overtake the swiftly moving 
prey. In the whales, while the number of cervical vertebre is the 
standard mammalian seven, they may be fused into a solid, com- 
pressed mass of bone, while the neck of the manatee among Sirenia, 
with but six cervicals, forms one of the three exceptions to the 
standard number, the other two, as we have seen, belonging to the 
sloths. 

In old-fashioned reptiles derived from primitive stocks which 
early became adapted to aquatic life, such as the ichthyosaurs, 
the vertebre retain their ancient simplicity, having simple bicon- 
cave bodies or centra like those of fishes. In higher forms the verte- 
bree tend to simplify secondarily, due to the fact that the body, 
being water-borne, is equally supported throughout, hence the 
vertical stresses which are the result of gravity in land animals are 
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practically eliminated, and the thrust or driving force is transmitted 
longitudinally through the column. This simplification includes 
the centra or bodies of the vertebre and especially the secondary 
articulations or zygapophyses. The several processes may become 
reduced in the trunk region but elongated in the tail to provide 
greater area for muscular attachment. 

The sacrum, that portion of the vertebral column which articu- 
lates with the pelvis and which, therefore, in land animals has to 
withstand and transmit the supporting strain of the hind limbs, is 
more or less reduced in direct ratio to the loss of supporting or pro- 
pelling function on the part of these appendages. Thus, in the 
ichthyosaurs, cetaceans, and sirenians the sacrum cannot be dis- 


Fic. 63.—Skeleton of porpoise. The vestigial pelvic bones are shown embedded 
in the flesh. (After Pander and D’Alton.) 


tinguished from the other vertebrae and while its approximate local- 
ity can not be far from the vent, the actual identity of the former 
sacral vertebre is lost. 

The chest of the truly aquatic type tends to become cylindrical; 
land forms, on the other hand, generally show lateral compression, 
especially if they are quadrupedal in their mode of progression, 
with the body off the ground. The chest in aquatic types is also 
modified in such a way as to bring the internal cavity higher to- 
ward the back. This insures greater stability of flotation and 
increased lung capacity and is accomplished by the ribs tending 
to become highly arched dorsally and then to move upward from 
their point of attachment on the centra to the transverse processes. 
A gradation in this last feature may be demonstrated by taking 
first the ichthyosaurs where the rib articulation is entirely central, 
both rib facets, that for the capitulum or head and that for the 
tuberculum, being on the body of the vertebra, a unique feature 
which makes an ichthyosaur centrum unmistakable. In the Pin- 
nipedia the position is transitional, whereas in the whalebone 
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whales the articulation of ribs and. vertebre is extremely loose, 
probably to allow great mobility of the chest for the rapid respira- 
tion necessary after prolonged submergence. In the Sirenia and 
Cetacea the diaphragm has become horizontal in position instead 
of being practically vertical as in most quadrupedal mammals. 

The bones of swimming forms tend to become light and spongy, 
the interstices in those of the whales being filled with oil. Excep- 
tions to this are found in forms which, like the walrus and Sirenia, 
derive their sustenance from the bottom, the walrus feeding on 
molluscs, the sea-cows subsisting on submarine vegetation just as 
their bovine namesakes graze in terrestrial meadows. This neces- 
sitates a ballasting which is secured by increased weight of bones, 
like the great, wide, massive ribs of the manatee. 

Externally, the secondarily adapted sea-vertebrate is charac- 
terized, like the fish, by the elimination of retarding excrescences, 
hence in the course of their evolution aquatic mammals have lost 
all trace of external ears. This not-only renders the contour of the 
head smoother, but removes a practically useless appendage, for 
the pinna of the ear has for its especial use the collection of aérial 
sound waves, a function which is valueless in a submerged form. 
Thus the ears are reduced in amphibious mammals, and are totally 
lost in the whales and true seals and walrus, though retained in 
reduced condition in the sea-lions (Otariida) which spend much of 
their time ashore. The occasional atavistic occurrence of external 
ears in the porpoise has been noted (page 148). 

The external nostrils or nares tend to forsake their old terminal 
position at the end of the snout and move toward the apex of the 
head as in most of the whales,’ ichthyosaurs, phytosaurs, and 
mosasaurs, mainly in forms with reduced mobility of neck in which 
the vertex of the head first appears above the surface of the water. 
This one feature is invariably indicative of aquatic life. The 
nostrils are often capable of being closed, as is also seen in desert- 
adapted forms like the camel as a protection against drifting sand. 

The eyes in amphibious types also tend to shift higher on the 
face as in the hippopotamus, whose nostrils, eyes, and ears can 
appear above the surface of the water while all the rest of the head 


1Tn the huge, square-headed sperm whale (Physeter macrocephalus) the nos- 
tril is terminal, but this may well be a secondary shifting forward again, owing 
to the development of the great reservoir of liquid spermaceti, called by whale- 
men the ‘‘case.”’ 
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and body remains submerged. The advantage of this is manifest. 
In truly aquatic types, on the other hand, the eye does not shift 
its position, as aérial vision has largely lost its importance, but 
instead of this the eyes become adapted to aquatic vision which, 
because of the denser medium, requires a different curvature of the 
lenses. Of course this results in marked near-sightedness when 
the creature does attempt to see in the air. Penguins which pursue 
their prey submerged are curiously limited in their aérial vision. 
Locomotive Mechanism.—Fleshy, fin-like expansions of the 
body-wall occur in the whales and ichthyosaurs and also probably 
in the extinct thalattosaurs and sea-crocodiles (thalattosuchians) 


Fic. 64.—Killer whale, Orca rectipinna. (After Scammon.) 


(see Fig. 67, Geosaurus). These ims, as in fishes, may be dorsal 
and caudal. The dorsal.fin is a triangular structure, essentially 
equilateral in the ichthyosaur, very high and narrow in the killer 
whales, especially Orca rectipinna (Fig. 64). On the other hand, 
some whales such as Beluga, the white whale, and Balena, the right 
whale, lack the dorsal fin entirely; while in the sulphur-bottom, 
Sibbaldus sulfureus, the fin is small and situated well aft upon 
the tail. The development of this fin must be entirely a response 
to mechanical needs and correlated with a certain bodily form and 
peculiarity of locomotion, just as the deep fin-keel of a sailing yacht 
would be superfluous upon a motor driven craft. 

Secondarily aquatic types very often go back to first principles 
and readopt the old wriggling or undulatory motion of their pristine 
ancestors, to which fins, etc., are only subsidiary. This also ac- 
companies elongation of body, multiplication of segments, and loss 
of limbs (as in the zeuglodonts and many long-tailed aquatic types). 

Thus two methods of propulsion are seen among aquatic types, 
even in those whose adaptation has passed the amphibious stage. 
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Williston has called them “oar propulsion” and “tail propulsion.” 
In the former, exemplified by the turtles and plesiosaurs (Fig. 65), 
the limbs are more nearly equivalent in size and propulsive power 
than in tail-propelled types. In the latter, which is included in the 
undulatory form of locomotion, that seen in the ichthyosaurs, 
whales, and sirenians, the hind limbs tend to disappear until finally 
no external vestige is discernible, though slender bones, representing 
the pelvis, thigh, and sometimes the tibia, may be found deep 
buried within the flesh (see Fig. 63). 

It is characteristic of secondarily aquatic vertebrates that where 
unpaired fins are developed they are never supported by the skeletal 


Fic. 65.—Plesiosaur, Cryptocleidus, restored by Knight. 


elements, known as fin rays, as they are in fishes; they may, how- 
ever, be strengthened by masses of cartilage. 

‘The ichthyosaurs were extinct forms ranging in time from the 
Triassic to the late Cretaceous. The earlier species moved largely 
by means of the limbs, the later ones almost exclusively by the 
tail. In the former the hind limbs were nearly as large as the front 
ones, while in the later ichthyosaurs, as the tail developed the 
hinder paddles were reduced in size until they were often very 
much smaller than those in front. More than sixty years ago Sir 
Richard Owen, the great English anatomist, noticing a curious 
downward dislocation of the tail at its mid-length in many articu- 
lated skeletons, came to the conclusion that the ichthyosaurian 
tail must have borne a terminal fleshy fin quite like that of the 
whales and sirenians, but it was not until forty years later that 
specimens showing the actual outline of the body and fins were 
found and Owen’s conjecture verified. His only error lay in the 
supposition that the caudal fin was horizontal like those of the 
mammals, whereas it is vertical like that of a shark. The ichthyo- 
saur tail is diametrically opposed to that of the shark, however, 
for in the latter the backbone is deflected upward into the superior 
lobe of the fin, whereas in the former it extends along the front 
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Fic. 66.—Propelling tails, caudals, of ichthyosaurs, showing the development of the 
organ. A, Mixosaurus nordenskjéldi, Trias, Spitzbergen; B, Ichthyosaurus quadriscissus, 
young, Upper Lias, Wiirttemberg; C, same species, adult; D, J. irigonus var. posthumus, 
Upper Jurassic, Solenhofen, Bavaria. (From Abel.) 
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margin of the lower one. This may be due to the fact that the 
caudal arose as a low fin-like expansion along the upper side of the 
tail, not an uncommon thing among air-breathing vertebrates, 
and ultimately developed into the widely expanded fish-like fin of 
the later forms. The diagram of the ichthyosaur caudals will 
make this clear (Fig. 66). 

The Thalattosuchia or sea-crocodiles were a short-lived race, 
their remains being confined to the rocks of Upper Jurassic age in 
Europe. They were also of moderate size compared with other 
marine vertebrates, ranging from to to 20 feet in length. But few 


Fic. 67.—Marine crocodile, thalattosuchian, Geosaurus. (From Williston’s Water 
Reptiles.) 


forms are known, of which Geosaurus (Fig. 67) is perhaps the most 
typical. This type shows a sharp downward bend toward the end 
of the tail as in the ichthyosaurs and the inference that like them 
the creature bore a well developed caudal fin is undoubtedly cor- 
rect. Strangely enough, however, the hind limbs were much larger 
than those in front, probably a character inherited from its shore- 
dwelling ancestry and one which the race during its brief career 
did not have time to modify. 

The caudal fin of the marine mammals differs markedly from 
that of the reptiles in being horizontal instead of vertical and in 
the symmetry of its two halves or flukes, the bone dividing the 
tail into two equal parts rather than running into one lobe to the 
exclusion of the other. In the Sirenia the same is true, the manatee 
having a rounded tail, while in the dugong (Halicore) and the 
recently extinct Steller’s sea-cow (Rhytina) it was notched like 
that of a whale. 

Limbs.—Webbed feet are the first natatorial adaptation, and 
the degree of webbing is a very variable thing. It may consist 
simply of lobe-like lateral expansions of skin on either side of the 
toes, as in the coot, or of actual connections from digit to digit. 
Extreme aquatic adaptation, on the other hand, implies the de- 
velopment of a paddle in which there is a loss of mobility of the 
various joints, the entire skeleton of the limb being enclosed by 
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the skin in a single mass showing no external divisions into fingers 
and toes. The result is the production of a flexible paddle of great 
aquatic utility, but ill adapted for coming ashore. As a further 
modification the individual phalangeal bones increase in number 

_ (hyperphalangy) and, in 
some instances, one or 
more additional rows are 
seen, as though extra 
toes over the normal five 
had been added (hyper- 
dactyly). There is also 
a change in relative pro- 
portions of the various 
segments as in cursorial 
adaptation, the humerus 
or femur diminishing in 
length while the other 
individual bones may 
shorten much more, al- 
though from their in- 
crease in numbers the 


Fic. 68.—Ichthyosaur paddles. A, left anterior 
paddle of Merriamia zilteli, Trias, California. (After 
Merriam, from Abel.) B, same, of Ichthyosaurus area represented by the 
platydactylus, Lower Cretaceous (Aptian), Germany. digits may become very 


After Broili, f Abel. 
ete ae much extended. In some 


instances, as an especial modification, for example, in the round- 
headed dolphin, Globicephalus (see Fig. 19,C), while the length of 
two or three of the digits may be very great, the others may be 
much reduced. 

The reduction of the hind limbs with the development of the 
tail has been mentioned, together with their total loss externally 
in the aquatic mammals. Not only are their vestiges discernible 
in the form of the bones hidden in the flesh, but as Kukenthal 
has shown, external traces (Anlagen) of them are visible in fcetal 
whales (Megaptera, the humpback whale) on either side of the vent. 

Integument.—The modification undergone by the skin in 
aquatic animals is in the line of reduction of armoring, of hair, of 
skin glands, muscles, and nerves. Loss of armor has taken place in 
the ichthyosaurs, for reptiles are primitively armored and in the 
wonderfully preserved specimens from Holzmaden, Bavaria, the 
only remaining traces lie on the anterior edge or cutwater of the 
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fins, and, in one specimen at least, along the mid-dorsal line from 
the head to and on either side of the dorsal fin. 

The loss of hair is characteristic of marine mammals, and the 
reason seems to be that whereas hair is a wonderfully good non- 
conductor of heat when dry, in that it retains a blanket of still 
air around the body, it is of little value in the water. Hence the 
fur-seals (Otariide) which retain more terrestrial characters than 
do the hair seals (Phocidz), such as the external ear and the ability 
to use the hind limbs for progression on land, still wear a thick 
under coat of fur—the sealskin of commerce. The hair seals with 
their more perfect aquatic adaptation come ashore more rarely 
and have lost the furry under coat entirely, retaining simply the 
so-called contour hairs, so that their hides are valueless as fur al- 
though used for other purposes. The whales and sirenians have 
lost all traces of hair except perhaps a few bristles around the 
mouth, but most of them are well covered with foetal hair before 
birth, which points to an ancestrally hairy condition. In a few 
instances, such as the white whale or Beluga and the narwhal, even 
the fcetus has lost its hair, thus showing the extreme of specializa- 
tion. 

As a compensation for the loss of hair, the mammals have de- 
veloped a layer of fat in the connective tissue beneath the skin 
(subcutaneous tissue) and this serves admirably for the retention 
of the bodily heat which would otherwise radiate out very rapidly 
into the surrounding water. Even with this device much heat 
apparently is lost, for one of the greatest impediments experienced 
in shipping to New York porpoises caught on the coast of the 
Carolinas was the difficulty of keeping the water in the shipping 
tanks and therefore the animals contained in them sufficiently 
cool for health. This shows that the porpoises develop so great 
an excess of heat that a more efficient heat-retaining integument 
is not necessary; the heat excess being correlated with the high 
speed which these animals can attain (see page 335). 

Skin glands such as sweat or oil glands have their value impaired 
if their secretions are continually washed away, hence their reduc- 
tion in aquatic animals; while the thickening and immobility of 
the skin has resulted in the atrophy of its muscles and nerves. 
The salivary glands of those forms which devour their food under 
water are also reduced, possibly because their secretions would be 
too largely diluted to have great digestive value, and partly be- 
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cause the mechanical function of lubrication to aid in swallowing 
is subserved by water taken in with the food. 

Mouth Armament.—Except in the sea-cows and walrus the 
jaws, being no longer used for mastication, but only for the pre- 
hension of relatively feeble prey, have very largely lost their power, 
so that the coronoid process and other areas for muscle attachment 
are reduced. The teeth also suffer modification, usually in the 
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Fic. 69.—Skull of a mosasaur, Clidastes, Cretaceous (Niobrara), Kansas. (From 
Williston’s Water Reptiles.) 


direction of simplification, the increase of numbers, or on the other 
hand total loss from one jaw (sperm whale) or both (baleen whale). 
In the latter instance the function of the teeth is taken by the 
remarkable baleen or whalebone to be described later. The marine 
reptiles have simple prehensile teeth fitted for the retention of 
slippery prey, except the sea-turtles whose teeth had disappeared 
long before their aquatic adaptation began. 

The Cretaceous marine lizards or mosasaurs (Fig. 69) show a 
remarkable adaptation for the prehension of prey, for not only 
were the rims of the jaws armed with slightly recurved teeth, but 
others were borne upon the roof of the mouth as well. The lower 
jaws instead of being firmly united together at the symphysis 
(chin) were connected by an elastic ligament and each jaw was 
doubly articulated with the skull through a very movable inter- 
vening bone, the quadrate. The most remarkable thing, however, 
was an extra joint in the mid-length of each jaw bone so that it 
could be bowed out into a decided curve and thus, as in snakes, 
effect the swallowing of prey larger than the normal gape of the 
mouth. 

The whales show a very interesting tooth gradation. Ancient 
whale-like forms (zeuglodonts) still had the tooth differentiation 
characteristic of mammals, the cheek or molar teeth bearing 
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many cusps arranged in longitudinal series (see Fig. 70). In the 
modern whales, wherein the teeth are retained, they are simple 
cones and are as a rule much more numerous than the normal 
number for a placental mammal, which is forty-four, eleven in 
each halt of each jaw. In Globicephalus, the ca’ing whale, the 
number may be over one hundred, and the dolphins, Delphinus 
and Inia, may have twice that number. It may be that the teeth 


Fic. 70——Zeuglodon skull, Prozeuglodon atrox, Upper Eocene (Birket-el-Qurun), 
Egypt. (After Andrews.) 


of the possibly ancestral zeuglodonts split up into their component 
cusps and thus gave rise to greater simplicity and greater numbers 
at the same time. As we have seen, the sperm whale, Physeter, is 
devoid of teeth in the upper jaw, in spite of the fact that it feeds 
upon active cephalopods (giant squid). Monodon, the narwhal, 
has but a single tooth, although its mate may be vestigial, in the 
form of a long, spirally twisted tusk or “horn,” really a modified 
incisor. In the female the horn is reduced. In the curious toothed 
whales, Ziphius and Hyperoddon, there is but a single tooth in 
each mandible. The latter genus has small teeth in the upper jaw, 
which are also present but functionless in the former. 

In the baleen whales, which may possibly represent a distinct 
whale-like evolution from that of the toothed forms, the teeth are 
entirely absent except for vestiges in the embryo, which, however, 
never cut the gum. In their place there has been developed the 
remarkable baleen or whalebone. This is a horny outgrowth from 
the epithelium lining the mouth and may be compared to an exag- 
geration of the transverse ridges on the palate characteristic of all 
mammals. Each piece of whalebone is triangular, attached by its 
base to the roof of the mouth, with the free inner margin frayed 


334 


& 


ORGANIC EVOLUTION 


Fic. 71.—Sulphur-bottom whale, Sibbaldus sulfureus, with the African elephant “Jumbo,” Loxodonta africana, drawn to scale. 


out into numerous threads 
which form the straining 
apparatus. As many as 370 
blades have been counted, 
some of them reaching the 
extreme length of 13 feet in 
the great Greenland or right 
whale. When the creature 
feeds it rushes through 
swarms of whale food or 
“brit”’—pelagic organisms 
which are largely pteropod 
molluscs—and, closing the 
mouth, the tongue forces the 
water out between the plates 
of whalebone and the or- 
ganisms are strained out, 
left stranded, and _ subse- 
quently swallowed. 

The ichthyosaurs, while 
as a rule well toothed, also 
reduced the dentition so 
that in the American genus 
Baptanodon and the Euro- 
pean Ophthalmosaurus, 
which were related if not 
identical, the teeth had be- 
come vestigial and function- 
less, although the germs 
were still present in the jaws. 
The convergence of the 
older ichthyosaurs toward 
the modern whales is there- 
by rendered all the more 
complete and certainly the 
diet of fish and cephalopods 
in the toothed forms, as 
the fossil waste voided from 
the alimentary canal (cop- 
rolites) in the ichthyosaurs 
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shows, was the same in both instances. But the food of the tooth- 
less ichthyosaurs it is harder to conjecture; there is certainly no 
evidence of the development of anything comparable to baleen, as 
has been suggested. 

Precocity.—Mental precocity is as necessary in the gregarious 
aquatic animals as among the cursorial, and they soon show ability 
to keep up with the mother. The new-born young of whales are 
from one-quarter to one-sixth the length of the parent and a por- 
poise about half the length of its mother has been seen maintaining 
its position as readily as she at the bow of a 15-knot ship. 

Speed.—Records of speed are difficult to obtain, but porpoises 
are known to keep pace with a 39-knot torpedo boat and sheer off 
ahead of the craft with the utmost ease, and this speed is main- 
tained with, as a rule, an almost inappreciable vibration of the 
highly efficient propelling tail. 

Size.—Water-borne animals exceed all others in size, for the 
energy exhausted by terrestrial creatures in overcoming gravity 
may here be turned into growth force. The largest recorded ter- 
restrial animals which live are the elephants, of which “ Jumbo,” 
an African specimen, had a height of 1114 feet and a weight of 61% 
tons. African elephants grow to 13 feet and the great imperial 
elephant of the American Pleistocene may have exceeded this by a 
foot. In comparison with a sulphur-bottom whale, however, with 
a length of 87 feet and an equivalent weight in tons, the elephant 
becomes insignificant. The largest strictly terrestrial dinosaur, 
Tyrannosaurus, reached a length of 47 feet and a standing height 
of 18 to 20 feet. The bulk of body, tail, and hind limbs was also 
great, but the amphibious dinosaurs exceeded it, although the 
disparity of size was not comparable with that of whale and ele- 
phant. Brontosaurus, one of the most ponderous dinosaurs, had a 
length of 66 feet and an estimated weight when alive of 38 tons. 
Diplodocus, while more slenderly proportioned, was at least 87 
feet long; and the remains of Brachiosaurus from East Africa 
(Tendaguru) indicate an animal nearly equalling Diplodocus in 
length and heavier than Brontosaurus. 
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CHAPTER XXI 
SCANSORIAL ADAPTATION 


Need of Scansorial Adaptation.—Climbing on the part of 
arboreal animals is not necessarily a manifestation of ambition, but 
quite the reverse, in that relatively feeble creatures may take to the 
trees for safety and retreat and for abundant and easily procured 
food. Historically, arboreal life is of more than passing interest, 
for it is probable that practically all flying vertebrates, except 
fishes, were derived from scansorial types and that, on the part 
of the mammals at least, during the long Age of Reptiles, arboreal 
life was the one factor more than any other that safeguarded the 
race and rendered its subsequent evolution possible. 

The list of climbing animals is very great, but of those which 
show very marked adaptation to arboreal life the numbers are 
relatively few. A partial list is as follows: 


Crass PISCES 


Climbing perch (Anabas scandens). 
Mud skipper (Periophthalmus barbarus). 

CLAss AMPHIBIA 
Stegocephalians from the Coal Measures tree trunks. 
Tree frogs. Very large group with convergences. Cosmopolitan except 

for Africa. 

Crass REPTILIA 
Lizards, especially geckoes and chameleon. 
Tree snakes. 
*“Proavian’”’? 

CLass AVES 

Passerine birds. 


Hoatzin. 
Parrots, woodpeckers, wood-hewers, and several instances among the 


typically terrestrial orders. 
Galliformes; cruassows, guans, chachalacas. 
Gruiformes: trumpeters. 
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Anseriformes: tree-ducks, muscovy ducks. 
Pelecaniformes: snake birds, cormorants. 


CrLass MAMMALIA 


Order Marsupialia. 
Didelphyide, opossums; all but Chironectes, the water opossum. 
Phalangeride, phalangers. 
Macropodide: Dendrolagus, the tree-kangaroo. 
Dasyuride: Dasyurus, Phascologale. 
Order Edentata. 
Bradypodide, tree-sloths. 
Myrmecophagide, ant-eaters: Tamandua, Cycloturus. 
Cohort Ungulata. 
Hyracoidea: Dendrohyrax, the tree-hyrax. 
Agriocherus, an extinct oreodont. 
Order Carnivora. 
Felide, cats: many partially, jaguar only wholly. 
Viverride, civets, etc.: Cryploprocta, Viverra, Arctictis. 
Procyonidee: Procyon, the racoon; Cercoleptes, the kinkajou; Nasua, 
the coati; Bassariscus, Bassaricyon. 
Mustelide: the martens, and Helictis. 
Urside: the brown bears. 
Order Rodentia. 
Anomaluride, flying squirrels. 
Sciuride, squirrels. 
Lophiomyide. 
Myoxide, dormice. 
Cercolabide: only the American tree-porcupines (Erethizon). 
Order Insectivora. 
Tupatide, pen-tailed shrews. 
Erinaceide: Gymnura only. 
Galeopithecide, “flying lemurs.” 
Order Cheiroptera, bats. 
Order Primates. 
All but man and baboons. 
Only excepted orders: Monotremata, Cetacea, Sirenia. 


Classification 


Wall and Rock Climbers.—The classification of scansorial ani- 
mals from the standpoint of their adaptation groups them into three 
subdivisions, of which the first are the wall and rock climbers. 
These are not necessarily tree-inhabiting at all, but are, like the 
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gecko lizards, well suited for climbing on the walls of buildings as 
well as on similar surfaces in nature. The geckoes (see Fig. 84) are, 
however, a very old and widely distributed group, and the range of 
their individual adaptation is great, hence it may well be that their 
scansorial adaptation is after all a response to arboreal life, and 
that the peculiar structure of their climbing organs rendered sub- 
sequent rock-climbing possible. Among mammals there is a genus 
of flying squirrels limited to high altitudes at Gilgit and perhaps 
in Thibet, and thought to live on rocks, perhaps among precipices 
(Beddard). Here, again, we have a form whose ancestry may have 
been arboreal, but if not, it would afford an interesting instance of 
volant adaptation without an intermediate arboreal habitat. 

Partially Arboreal Forms.—The second category, the partially 
arboreal, embraces a number of carnivores, rodents, and insecti- 
vores which, while capa- 
ble of climbing, never- 
theless are still perfectly 
at home upon the ground 
beneath the trees. They 
may nest in the trees with 
more or less extensive ter- 
restriail excursions during 
the daytime, or they may 
climb for food and live on 
the earth unless impelled 
by hunger. , Their climb- Fic. 72.—Sloth, Cholepus, walking suspended from 
ing adaptations are not a branch. (After H. Allen.) 
very marked. 

Wholly Arboreal Forms.—Still a third group embraces the 
wholly arboreal types, creatures which make the trees their home, 
and while some occasionally descend to the ground as in certain 
primates (gibbon), their terrestrial progression may be slow and 
laborious compared with that in their true habitat. Wholly arboreal 
forms, according to their mode of locomotion, may be grouped in 
the following subdivisions: 

1. Branch runners, like the squirrels, marsupials, lemurs, and 
chameleons, which live and progress on all fours on the upper sur- 
face of the branches. The group embraces, nevertheless, some in- 
stances of very perfect arboreal adaptation, as the great majority 
of tree-dwellers are here included. 
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2. Forms suspended beneath branches. The sloths (Fig. 72), 

for instance, are so constituted that they can not walk upon the 
branches but rest and move suspended from them by the powerful 
recurved claws of all four limbs. Sometimes when quiescent, if a 
convenient branch lie sufficiently near, the sloth may rest his back 
thereon and relax the hold of one or more of his feet, but the in- 
verted position is rarely reversed. On the ground the animal 
progresses with the utmost difficulty. The bats should perhaps 
also be included under this head, as they rest suspended by the 
hind limbs, head down. The same position of rest is assumed by the 
so-called flying lemur, Galeopithecus, really not a lemur at all but 
an insectivore (see page 349). 

3. Forms swinging by the fore limbs (brachiation, Gr. Bpaytov, 
arm). These forms show a very remarkable method of progression 
by means of the fore limbs, swinging with great speed and accuracy 
from limb to limb and from tree to tree. The hind limbs are com- 
parable to those of the tree-dwelling marsupials and the creatures 
rest and progress on the tops of the branches at times, although 
the fore limbs are almost the sole organs of more rapid locomotion. 
Here belong many of the primates, more especially the great or 
manlike apes. 


Modifications 


Body.—Climbing adaptation, as in the other lines of adaptive 
radiation, implies certain bodily modifications as well as those of 
limbs. Body contour is of little moment in climbing, but strength- 
ening of chest and ribs and of shoulder and hip girdles is of impor- 
tance. Nevertheless, in thoroughly arboreal types the section of 
the thorax anteriorly is subcircular, and the ribs are much curved, 
in contrast with the compressed thorax and flat anterior ribs of 
quadrupedal running types (Anthony). The ribs, especially in the 
sloths, are more numerous and afford ample support to the con- 
tained viscera in their inverted position. The dorso-lumbar series 
of vertebre is often elongated, especially in the tree-sloths of the 
genus Cholepus (Fig. 73), where the number has apparently been 
increased from about nineteen (normal for the order) to from 
twenty-five to twenty-seven as a response to arboreal need. The 
same is true of other forms. Capromys, an arboreal rodent, has 
twenty-three as compared with the normal nineteen, and Dendro- 
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hyrax, the only arboreal ungulate now alive, has six more than its 
terrestrial, hoofed relatives. 

Limb Girdles.—The shoulder girdle especially is strong in that 
both elements, the clavicles and scapule, are well developed, 
whereas in terrestrial types the clavicles tend to diminish, even in 
closely related forms, and may entirely disappear as in cursorial 
quadrupedal forms. The fore-and-aft swing of the limb of a deer 
or horse would be distinctly limited by a clavicle, but in a climbing 
type whose arms are subjected to much more varied and violent 
strains the clavicle is very essential, as it withstands the compres- 
sion of the powerful breast muscles. ‘The scapula is also well de- 
veloped, but not exceptionally so. 

Pelvic Girdle.—The ilium or hip-bone especially shows modi- 
fication in such types as the sloths and primates, as it is broad- 
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ened out as a support for the viscera. This is markedly true of 
the sloths, whose inverted posture necessitates additional support, 
since the mesenteries or membranes which sling the intestine to the 
dorsal wall lose much of their efficiency when the body is erect or 
inverted. 

Limbs.—In contrast with the cursorial types, it is the proximal 
limb segments which now elongate, especially in the suspended and 
arm-swinging forms, those of the sloths again being very long, 
while in the great apes the relative length bears a direct ratio to 
the creature’s climbing powers, reaching the extreme in the gibbons 
(Hylobates) whose arms are so long that the knuckles of the hand 
touch the ground when the animal stands erect. The progress of 
the gibbon from tree to tree is little short of marvelous (see page 649 
and Pl. XXVI). Climbing forms are generally plantigrade, some 
of the racoons secondarily so. In certain lemurs (Tarsius, see Fig. 
236; Galago) the tarsus may be elongate, but this is probably due 
to the fact that the creatures leap as well as climb, and the elonga- 
tion of this segment is a response to the former need rather than the 
latter. 

Feet.—The feet of arboreal animals may be either prehensile, 
that is, grasping, with more or less opposable digits, or non- 
prehensile. In the non-prehensile type the claws may be well de- 
veloped as in the squirrels or the cats, giving a fairly tenacious hold. 
In the Canada tree-porcupine (Erethizon) the plantigrade feet 
are armed with long curved claws, in addition to which the soles 
bear spines and tubercles which aid in climbing. 

Adhesive pads either on the tips of the digits or on the soles of 
the feet occur in several isolated instances, such as the tree-frogs, 
geckoes, and Dendrohyrax among mammals. The frogs are aided 
by a sticky secretion of their pads. “Tree-frogs, when hopping on 
to a vertical plane of clean glass, slide down a little, probably until 
the secretion stiffens, or dries into greater consistency. . . . Wet 
leaves or moist glass-walls afford no hold. The adhesion of these 
frogs is assisted in most cases by their soft and moist bellies, just 
as a dead frog will stick to a pane of glass” (Gadow). 

The geckoes, by means of their adhesive digits, climb up abso- 
lutely smooth and vertical surfaces, or, back downward, along a 
whitewashed ceiling. The apparatus, Gadow says, is complicated 
in its minute detail, but very simple in principle. The adhesion is 
effected not by sticky matter, but by small and numerous vacua. 
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Dendrohyrax, the tree-hyrax, is allied to the coney of Scripture, 
which in turn is a distant relative of the Proboscidea (Chapter 
XXXIV). The tree hyraxes frequent the trunk and larger branches 
of trees, sleeping in holes high up in the big trees, especially, ac- 
cording to Roosevelt’s observations, the cedars. The adhesive 
organs have been described by G. E. Dobson, who says that these 
animals are enabled to climb perpendicular walls and trees with- 
out the use of claws. The thickly padded tuberculated soles are 
drawn up by certain flexor muscles, thus leaving a vacuum by 
means of which the animal retains its hold. 

The primitive type of prehensile foot has been developed in the 
two great mammalian groups, that of the marsupial being repre- 
sented by the opossum (Marmosa, Fig. 46, A), and that of the early 
placentals by the creodonts, the archaic flesh-eating mammals (see 
Chapter XXXII), the foot of which has been shown to be a terres- 
trial modification of a grasping type. 

Feet of the prehensile type are found to-day in the marsu- 
pials and primates. In the former group it is the hallux (see 
Fig. 46) or great toe which is offset so as to oppose the fourth 
digit, the second and third being bound together in a common 
integument (syndactyly, see page 281) and so slender that their 
combined strength about equals that of the outermost or fifth 
digit. In marsupials which have become terrestrial the offset 
great toe has become vestigial or may entirely have disap- 
peared, as in the kangaroos (see Fig. 46, B). In the primates, 
while the foot is perhaps most apt to show this opposable first 
digit, it also exists in the hand, although it is nowhere developed 
to the degree shown in mankind, wherein the final perfection of the 
hand as an organ of prehension has developed since its release from 
the necessity of arboreal locomotion. 

Syndactyly (Gr. ovv, together, and Sd«rvdos, digit) has al- 
ready been referred to as occurring in the marsupials, and even 
such as are no longer tree-inhabiting, like the kangaroo, still ex- 
hibit this feature in unreduced condition. It doubtless arose 
primarily, however, as an arboreal adaptation. The koala shows a 
rather remarkable modification for climbing, for the foot has a 
long, widely offset, clawless great toe, syndactylous second and 
third toes, which are clawed, and powerful clawed fourth and fifth 
toes, the former being the longer. The hand, on the contrary, 
has five subequal digits, all of which bear sharp claws, but two 
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digits, numbers 1 and 2, oppose the other three. Its clinging 
powers are so great that even death will not dislodge the creature 
from the tree in which it is shot. 

Among reptiles, the true African chameleons (Chameleon, see 
Fig. 74) exhibit remarkable syndactyly, as it extends to both fore 


Fic. 74.—Chameleon, showing syndactylous hands and feet, 
and prehensile tail. 2, head with partly protruded tongue; 3, 
head of horned chameleon, from above. 


and hind feet. On the hand the first three fingers form the inner 
bundle and are opposed to the outer two which are likewise syn- 
dactylously bound. The foot is similar but reversed, in that the 
inner bundle contains two, the outer one three digits. These very 
admirable grasping organs are supplemented by a prehensile tail, 
so that the creature is very firmly anchored in position, which is 
rendered necessary perhaps in part by its method of securing in- 
sect prey by the unerring aim of the enormously extensile tongue. 

In the so-called scansorial birds such as the parrots, woodpeckers, 
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and the like, the outermost toe has been rotated backward in such 
a way that it and the hallux oppose the second and third toes, the 
fifth, as in all birds, being absent. This gives a very firm grasp 
both for the actual grip of a branch as in the parrots or, reinforced 
by strong claws, enables the animal to cling to the roughened bark 
of a tree trunk. In the parrots, woodpeckers, and cuckoos the 
rotation of the outer toe is permanent and the foot is called zygo- 
dactylous (Gr. Gvyev, yoke); certain others, owls, etc., may turn: 
it backward or not at will (see Fig. 75). 

While arboreal forms usually have need of all of their digits, 
occasionally one sees digital reduction. The foot of the koala, with 
syndactylous second and third toes, functions as four-toed, even 
though consisting structurally of five; certain of the primates 
(lemurs), on the other hand, some of which re- z 
semble the koala superficially very much, have 
actually lost the second digit so that the oppos- 
ability of the first in grasping a limb is unimpeded. 
In the lemur (potto, etc.), the fourth digit is the 
largest as in the koala. Digital reduction is also 
seen in the tree-sloths, the two-toed sloth Cholepus 
(Figs. 72, 73) having but two in the hand and 
three in the foot, while in the three-toed sloth 
Bradypus there are three in each, and the hand 
and foot are both somewhat elongated, especially 
in the powerful hook-like claws which, as in the 
koala, retain their grip on the bough even after the Fic. 75.—Foot of 

i awoodpecker, 
animal! has been shot. Piss ee 

Tail.—The tail may be prehensile or not as in showing fourth toe 
the case of the feet. If non-prehensile, there are Teversed for grasp- 

5 ; ing. (After Haacke, 
ectodermal spines or scales on the under side, a8 from Abel.) 
in the flying squirrel Anomalurus, which prevent 
the animal from slipping down. The same effect is produced in 
the woodpecker by stiff spiny feathers which are braced against 
the tree trunk to which the creature clings. The posture is familiar, 
and enables the bird to drill into the wood for the grubs upon 
which it feeds, or to excavate cavities for its nest or for the storage 
of food. 

Prehensile tails are found in a number of unrelated instances, 
as, for example, the chameleon lizards which have been men- 
tioned, the opossums, the tamandua which is one of the ant-eaters, 
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and certain of the New World monkeys (Cebidz) such as the spider 
monkey (see Fig. 237), the howlers, and the capuchins. Where 
the prehensile powers are well developed the tail is naked on the 
under surface near the tip. One of the most perfectly adapted of 
these forms is the spider monkey, Ateles (see Fig. 237), in which 
the tail is highly prehensile and functions as a “fifth hand.” Per- 
haps as a correlation with this excellent grasping organ the real 
hands have lost the thumb, but the four long digits which remain 
form a splendid hook-like device for suspending the body. Not 
all South American monkeys have a prehensile tail; on the other 
hand, none of the Old World forms do, so that its presence is diag- 
nostic of a New World ape. 

Other Accessory Organs.—Other accessory climbing organs 
might be mentioned, such as the parrot’s beak and the spines and 
tubercles which are sometimes developed on the fore arm in cer- 
tain lemurs (Hapalemur griseus male and upon the lower end of 
the ankle in Galago garnetti). In Lemur catta there is a patch of 
hardened skin on the fore arm which projects to a large extent 
and has been called a climbing organ, although it lacks the re- 
curved spines; both this and the spiny patches of Hapalemur and 
Galago have glands connected with them, the function of which 
is doubtful. 
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CHAPTER XXII 
VoLANnt ADAPTATION 


Next to water as a moulding environment comes the air, for the 
creature which inhabits either is surrounded on all sides by a homo- 
geneous medium, so that it becomes uniformly and beautifully 
modified to offer the least possible resistance to the attainment of 
speed. Water-inhabiting forms, however, whether primarily or 
secondarily adapted, may become so thoroughly at home that in 
the latter group no evidence of their former habitat may be out- 
wardly visible. Aérial creatures, on the contrary, are never ex- 
clusively such and must: return to the trees or earth or sea when 
they wish to rest. Hence their adaptation is always a double one 
and as a,consequence cannot reach the extreme of specialization 
of water-borne types. 


Classification of light 


' Passive or Gliding Flight.—Flight is of two sorts: first, passive 
or gliding flight, wherein, with the exception of the fishes, the 
creature merely takes an initial leap from a high point and, held 
up by certain sustaining organs and impelled by gravity, glides to 
a lower level, sometimes covering a horizontal distance of many 
yards. Aside from the initial impetus there is no locomotive force 
other than gravity, so that the flight is comparable to a gliding 
aéroplane bereft of its engine power. 

True Flight.—True flight, on the contrary, implies power, so 
that there is sustained movement through the air, whether the 
flight be brief like that of a domestic hen or supported on the tire- 
less pinions of an albatross. True flight has evolved three times 
among vertebrates: in the reptilian pterodactyls, the birds, and 
the bats. Whether flying fishes should be included is a much dis- 
puted question. True flyers may move the wings with varying 
degrees of rapidity from the extreme speed of a humming-bird’s 
wing to the measured cadence of a winging crow. Many birds (and 
doubtless some of the ancient pterosaurs) also sail or soar on ap- 
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parently motionless wings for hours at a time after having gained 
their altitude by a flapping rise. They are in reality gradually 
descending in a great spiral, although by taking advantage of the 
shifting currents of air they may retain their elevation with little 
apparent expenditure of energy. 

An extreme adaptation of this last method is that seen in the 
albatross, whose majestic flight is thus described by Hutton: 
“With outstretched, motionless wings he sails over the surface of 
the sea, now rising high in the air, now with a bold sweep, and 
wings inclined at an angle with the horizon, descending until the 
tip of the lower one all but touches the crests of the waves as he 
skims over them. Suddenly he sees something floating on the 
water and prepares to alight; but how changed he now is from the 
noble bird but a moment before all grace and symmetry. He raises 
his wings, his head goes back, and his back goes in; down drop two 
enormous webbed feet straddled out to their full extent, and with 
a hoarse croak, between the cry of a raven and that of a sheep, 
he falls ‘souse’ into the water. Here he is at home again, breasting 
the waves like a cork. Presently he stretches out his neck, and 
with great exertion of his wings runs along the top of the water for 
seventy or eighty yards, until, at last, having got sufficient impetus, 
he tucks up his legs and is once more fairly launched in the air.” 

The flight of the albatross seems to be sustained on motionless 
wings and yet it will follow the wake of a ship with all of the appar- 
ent ease with which a school of porpoises precedes her bow. In 
the latter, when viewed from above, there is no visible propelling 
force except at long intervals when a few rather vigorous dorso- 
ventral undulations of the tail are seen which, however, do not 
seem to accelerate the creature’s speed appreciably. A closer view, 
especially if one be more nearly on a level with the water, shows the 
tail to be in rapid but minute vibration all the time, and this in- 
tense movement is sufficient to keep the creature ahead of a 39-knot 
torpedo boat (the record) and even this does not seem to be the 
limit of its speed. The progress of the albatross is apparently 
analogous, for, as Moseley says, “I believe that albatrosses move 
their wings much oftener than is suspected. They often have 
the appearance of soaring for long periods after a ship without 
flapping their wings at all, but if they be very closely watched, 
very short but extremely quick motions of the wings may be de- 
tected. The appearance is rather as if the body of the bird dropped 
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a very short distance and rose again. The movements can not be 
seen at all unless the bird is exactly on a level with the eye. A very 
quick stroke, carried even through a very short arc, can of course 
supply a large store of fresh momentum.” 

Doubtless the albatross takes advantage of every shift in the 
breeze, which is made up of a complex of varying air currents, 
tilting this or that wing to gain whatever lifting power the air can 
give. That this “jockeying” of the air currents is a very great 
aid is attested by the fact that on a calm day the albatross can not 
sail, but must flap heavily to sustain itself in flight. 


Modifications 


Bodily contour in volant animals has been emphasized and is 
second only to that of the purely aquatic forms in its degree of 
perfection for the lessening of resistance. 

Sustaining Surface.—The sustaining surface is primitively, ex- 
cept in the fishes, a parachute-like fold or series of folds of the skin 
known as the patagium (Lat. patagium, an edge or border). This 
may be supported in various ways, but with one exception, the 
little lizards (Draco spp.) which inhabit the Indo-Malayan region, 
the limbs form the chief supporting agents. In the “flying 
dragons,” Draco (Fig. 76), just mentioned, the body is depressed 
and the sides extend outward into a pair of large, wing-like mem- 
branes, supported by five or six elongated ribs. The entire device 
can be folded like a fan against the sides ‘of the body when not in 
use. The soaring powers are not very great but when resting among 
the luxuriant foliage of their habitat the animals are said to re- 
semble butterflies in their habit of opening and closing the wings. 

Most soaring mammals have the patagia supported between 
the fore and hind limbs, and sometimes the skin-fold extends in 
front of the fore limb to the neck and again between the hind limbs 
and the tail. Perhaps the extreme of development may be seen in 
Galeopithecus (Fig. 77), the so-called ‘flying lemur,” for here the 
patagium extends from the sides of the neck to the tip of the tail, 
even including the digits, which are webbed as though for aquatic 
life (see page 365). 

Where the patagium is supported mainly by the elongated fore 
limbs and their digits, true flight ensues as in the pterosaurs, 
wherein the enormously elongated outer finger sustains over half 
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the membrane, and in the bats, whose second, third, fourth, and 
fifth digits perform a like function, the thumb alone being free. 
In both groups the membrane extends from the arm to the sides 
of the body and also to the 

; front of the hind limb. An 

9) 6 interfemoral membrane, 

which, however, may have 
existed, has not been dem- 
onstrated in the pterosaurs 


So and is variably present in 
bats. 


Feathers are structures 
which are absolutely di- 
agnostic of birds, since no 
other group of animals has 
developed them, and in- 
deed their complexity is 
such that there is little 
likelihood of nature’s re- 
peating herself in their 
evolution as she has done 
many times in that of 
simpler structures. Birds 
have traces of patagia in 
front of and behind the 
Fic. 76.—‘“Flying dragon,” Die velaiis (After ae ceed bay ae 

aed Lull) ; a very adequate support- 

ing function before the 
feathers usurped their place; but in all known birds the main buoy- 
ancy is provided by the broad vanes of the remiges (supporting 
feathers) of the wing and rectrices (steering feathers) of the tail 
which collectively form the most perfect device imaginable, except, 
perhaps, the insect’s wing. 

The feather (see Fig. 78) has been called “‘nature’s masterpiece” 
and while simply a modified reptilian scale, has reached a com- 
plexity so great that its component parts may be counted by the 
hundreds of thousands. It is thus described by Evans: The feather 
consists of a quill or calamus and the rhachis or shaft. On the 
rhachis a double series of barbs are developed, carrying a similar 
double series of barbules, the barbules again giving rise to barbicels, 
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which in the distal rows usually terminate in hooklets. These 
catch in the folded margins of the next proximal row, thus produc- 
ing a firm surface. Each flight feather, therefore, forms a mem- 
brane-like supporting aS 

device, the several ; 

feathers of the wings ) 

beang collectively - ;.. aw, 
sufficient to maintain Kl Zee 
the bird in the air X= eS ae 
even when a few at 
a time are lost as 
during the moulting 
season. 

Wing.—The wing, 
as we have seen, has 
been three times 
evolved, twice with 
patagia and once with 
feathers. A compari- 
son of the three types 
is of interest, begin- 
ning with the bat wing <y 
(see Fig. 19,F), which mi 4 
is the latest in time 
and hence naturally 


the least modified. 
Here the humerus is Fc. 77.—Galeopithecus volans. (After Lull, modified 


well developed, the from Wood.) 


radius long and curved, and the ulna, from loss of general utility, 
. vestigial as in cursorial types. The pollex or thumb is always free 
and clawed for crawling and climbing. In the smaller bats, Micro- 
cheiroptera (Fig. 90,A), the second finger, although distinct, is not 
free from the third but is attached thereunto distally, the two 
combining to support the anterior margin of the wing. The fourth 
and fifth digits are well developed. In the Megacheiroptera (Fig. 
90,B), or fruit bats, the second digit is independent of the third 
and bears a claw like the first. 

In the pterodactyl wing (see Fig. 19,D) the radius and ulna are 
more nearly equal, the former being somewhat smaller. The next 
segment consists of a very heavy fourth metacarpal, bearing the 
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great wing-finger, and three extremely slender metacarpals support- 
ing the first, second, and third digits, which are small but free and 
clawed. There is also the bone known as the “‘pteroid” which lies 
in front of the fore arm and is directed inward toward the shoulder. 
It is supposed to have supported the anterior margin of a small 
prepatagium which lay in front of the arm from the wrist to the 


Fic. 78.—Structure of a feather. A, small portion of feather, with pieces of two 
barbs, each having to the left three distal barbules, and to the right a number 
of proximal barbules, many of them belonging to adjacent barbs; B, hooklet of 
distal barbule, interlocking with flange of proximal barbule. (After Pycraft, from 
Parker and Haswell.) 


neck (see Fig. 86). The single wing-finger, presumably the fourth, 
is huge and formed the entire anterior support of the patagium 
beyond the wrist. One curious feature of the pterodactyl wing 
lies in the position of the principal joint, the wing being flexed 
between metacarpal and proximal phalanx, rather than at the 
wrist as in birds and bats. 

The bird wing (see Fig. 19,E) is the most specialized of all, for here 
not only are the digits reduced to three, but these are more or less 
fused together so that, with rare exceptions, their sole function is 
that of flight. In all modern birds, therefore, there are three un- 
equally developed metacarpals which are firmly codssified. The 
digits are represented by one or rarely two thumb phalanges which 
support the so-called bastard wing, while the second digit which 
is much the largest bears two, and the third, one phalanx. Claws 
are sometimes borne on the first and second digits of modern birds, 
while Archeopteryx (Fig. 87,A), the reptilian bird of the Jurassic,had 
a claw on each of the three free fingers. The alar or wing expanse 
is provided by the feathers, since the patagium, as we have seen, 
is vestigial. These feathers, known as remiges, are borne upon the 
hand (primaries), and on the arm (secondaries). Overlying their 
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basal portion are several rows of coverts, protective feathers known 
as major, median, minor, and marginal. The importance of the 
wing coverts lies in the fact that they close the interstices between 
the quills of the flight feathers and give the wing a continuous area 
to oppose the buoyancy of the air (see Fig. 79). Birds have an 
advantage over both bat and pterodactyl in that lost or injured 


Fic. 79.—Wing of pheasant, showing the two “bastard quills’ borne on 
the first digit, the ten primaries on the hand, and the sixteen secondaries 
on the fore arm. (After Heilmann.) 


feathers are renewed, whereas injury to the patagium impairs its 
owner’s powers of flight for life. 

Pneumatic Bones.—Hollow, air-filled bones are found in the 
birds and pterodactyls and in many ways they show a remarkable 
community of design. For instance, there is in the humerus of both 
pterodactyl and bird a foramen for communication between the 
respiratory organs and the cavity of the bone, but that is not so 
remarkable as the fact that in each instance the foramina corre- 
spond in position, form, and size, and that they are not one large 
hole, but in each case a reticulation of small perforations, one be- 
yond the other. So far as our knowledge goes, pneumaticity seems 
to have been universal among pterosaurs, but there are no degen- 
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erate or flightless pterosaurs known. On the other hand, birds do 
not all possess it in equal degree for, as one would expect, it is 
absent from the Ratite, nor is it developed equally in all birds with 
flight. Coupled with the pneumaticity in birds is a remarkable 
development of air sacs, principally in the abdomen, but in other 
portions of the body as well. These serve not only to lighten the 
specific gravity of the bird, but also to aid in respiration, for the 
lungs of birds are inelastic and do not hang freely in the body cavity 
as they do in mammals, but, by means of the abdominal sacs, air 
is drawn through them, not merely into them. Hence as there is no 
unused portion of the lung containing residual air, as in mammals, 
respiration is much more effectively accomplished. This is neces- 
sary, for with the rapid flight there is a high expenditure of energy, 
and the respiratory and nutritive organs and those of circulation 
must needs be ample and efficient to meet the demand upon them. 

Sternum and Shoulder Girdle.—Not only is the sternum or 
breast bone well developed in creatures with true flight, but it bears 
a median keel or carina for the origin of the pectoral muscles which 
wield the wings. To resist the contractile force of these muscles 
the shoulder girdle is made very rigid by the development of the 
clavicles and, in the birds, of the heavy pillar-like coracoids as well. 
Coracoids are lacking in the bats, and clavicles in the pterosaurs, 
but in birds both elements are present. In the pre-Cretaceous 
pterosaurs the scapula is saber-shaped and united to the coracoids 
at an angle of less than go°, exactly as in carinate birds. The Cre- 
taceous pterodactyls differ, however, in that the scapule, while 
articulating at right angles with the coracoids, are directed toward 
the vertebre, uniting with their neural arches. In the great ptero- 
saur Pteranodon (Fig. 86) the scapula articulates with the coalesced 
spines of several codssified vertebrze which constitute the so-called 
notarium, the whole mechanism being comparable to the pelvic 
arch although on a much larger scale. 

In the flying (carinate) birds the scapula and coracoid are united 
by an articulation; in the flightless Ratitze, on the other hand, they 
are firmly codssified, and form an angle with one another greater 
than a right angle. In the Ratite, as the name implies (Lat. ratis, 
raft) the sternum is raft-like, being bereft of a keel. 

Brain and Sense Organs.—True flight implies a good brain and 
the perfection of certain sense organs which, as we have seen, are 
developed in direct ratio with the locomotive powers of any animal. 
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The brains of bird and pterosaur are curiously alike in that each 
has broad, well developed hemispheres (cerebrum) which touch 
the cerebellum behind, and the optic lobes are much enlarged. 

Both birds and pterodactyls were well endowed with visual or- 
gans, the eyes in each case being large and having the so-called 
sclerotic plates, structures which are rarely elsewhere present ex- 
cept in certain aquatic reptiles (ichthyosaurs, mosasaurs, etc.). 
Their function may be to resist variable pressure and also to aid 
in the rapid focussing which is of vital necessity in bird and ptero- 
dactyl. The bats, on the other hand, are notoriously blind but 
make up for it by a most marvelously developed tactile sense, 
which does not seem to need actual contact for the discernment of 
approaching objects. The remarkable ears and facial appendages 
’ of certain bats are the principal seat of this sense and the patagia 
and interfemoral membrane are also highly sensitive. 


Flying Vertebrates 


Fishes.—There are enumerated several genera of flying fishes, 
each of which represents a separate volant adaptation. Of these 
the first to be mentioned are the several species of the genus Exo- 
cetus (Fig. 80), allied to the skippers and garfish, which live in all 
tropical and subtropical seas where they fly in shoals in their ef- 
forts to escape the relentless tunny and albicore. These flying 
fishes are trim-built creatures with large pectoral fins, which are 
the main organs of flight, and variably developed but much smaller 
pelvics. The lower lobe of the tail is invariably the longer and 
aids in giving the final impetus to the fish as it leaves the water 
and also in accelerating its speed if in the course of its flight it 
comes near enough to the surface of the sea. The length of flight 
is said to vary up to 200 or 300 yards and it is sometimes sufficiently 
high to strand the creature on the deck of an ocean-going craft. 
Whether the flight of Exocetus is true flight or merely a soar is a 
much disputed question and the evidence, briefly summarized, 
is as follows: 

The alar expanse is hardly sufficient for such extended soaring. 
The wings (pectoral fins) do vibrate, but whether due to muscular 
effort or to friction, as a flag is flapped in the wind, is not clear. 
The muscular development seems insufficient for true flight, but 
on the other hand it is more highly developed than in allied non- 
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Fic. 80.—F lying fish, Exocetus spilopierus. (From British Museum 
Guide to Flight.) 


flying fishes. It may well be that while true flight as such does 
not exist among fishes, rapid wing vibration insufficient in itself 
to support or drive the animal may aid in maintaining or prolong- 
ing a soaring flight of which the main propulsive effort is acquired 
by the tail before leaving the water. At all events, their flight 
is marvelous and the creatures are one of the most interesting fea- 
tures of the storied tropical seas. 

The various species of Dactylopterus (Fig. 81) are known as the 
flying gurnets and while the flight is by no means as sustained as 
in Exocetus, of the former fishes Moseley writes: “I have distinctly 
seen species of flying gurnets move their wings rapidly during their 
flight . . . especially in the case of a small species of Dactylopterus 
with beautifully colored wings, which inhabits the Sargasso Sea.”’ 
Moseley likens the flight of the gurnets to that of grasshoppers. 

There is an African flying fish found in the Kongo and Niger 
rivers—Pantodon, a form but three or four inches long—which 
leaps out of water and flutters through the air for some distance. 
Still another flying type is Gastropelecus, a small, compressed fish 
with long and curved but not particularly large pectoral fins, which 


VOLANT ADAPTATION Sod 


SN 


4 


\ 


Fic. 81.—F lying fish, gurnet, Dactylopterus volitans. (After Lull.) 


occurs in the rivers of British Guiana. It skims along the surface 
of the water for 4o feet or more, beating the water with its pectoral 
fins. Then it leaves the water for a distance of 5 to ro feet and 
when exhausted falls sideways into the water again (Eigenmann). 
Pegasus volitans, a little fish found along the coasts of Japan, 
China, India, and Australia, skims a short distance above the 
surface of the water by means of its broad pectoral fins. 

Several extinct forms have been described as “‘flying fishes.” 
These are: Dollopterus from the Middle Trias (Upper Muschelkalk) 
of Jena, Thoracopterus and Gigantopterus from the Upper Trias of 
Austria, Exocetoides and Chirothrix (Fig. 82) of the Upper Cre- 
taceous of Mt. Lebanon, Syria. The last mentioned is of par- 
ticular interest on account of the huge size of the pelvic fins, which 
seem to imply powers of flight fully equal to those of the living 
Exocetus and Dactylopterus. We have therefore among fishes no 
fewer than ten separate adaptations to aérial conditions, one or 
two, possibly three of which approach very near to, if they have 
not attained, true flight. 

Amphibia.—The only volant adaptation among amphibia is 
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Fic. 82.—Fossil flying fish, Chirothrix libanicus, Upper Cretaceous, Mt. 
Lebanon, Syria. (After Woodward.) 


that of the tree-frog, Rhacophorus (Fig. 83), whose webbed feet 
sustain it in the prolonged leaps to which it is addicted. This 
genus includes a large number of species in the Oriental realm, 
especially in Borneo. The digits terminate in adhesive pads, in 
common with those of other 
tree-frogs, and are connected by 
web-like expansions of the skin. 
There are also rudiments of 
patagia in front of and behind 
the arms. In Rhacophorus par- 
dalis the total alar expanse is 
about 3 square inches, which 
would imply rather feeble glid- 
ing powers. 

Fic. 83.—F lying frog, Rhacophorus rein- Reptilia.—Lizards include at 
hardtii (After Duméril and Bibron, from Jeast two genera and_ several 
ag species of gliding forms, of 
which the most remarkable is the flying dragon, Draco, already re- 
ferred to (page 349, Fig. 76), in which the patagium is supported by 
a number of extended ribs. They occur principally in the Malay 
Peninsula and Archipelago and average some 8 to to inches in 
length. 
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Ptychozoon (Fig. 84) is the flying or fringed gecko of the Malay 
countries, which is bedecked with lateral expansions of skin along 
the sides of the neck, body, tail, and limbs, and between the toes. 
While these may aid in breaking the creature’s fall, they may also, 
coupled with the 
color, serve a cryptic 
function and render 
the animal less con- 
spicuous against the 
bark of the tree upon 
which it rests. 

Several so-called 
flying snakes are re- 
cond ed. such= as 
Chrysopelea, the fly- 
ing snake of Borneo, 
which descends ob- 
liquely through the air, its body rigid, and the ventral side con- 
cave to sustain the creature in its fall. 

The pterodactyls or flying dragons of the Mesozoic were a 
very remarkable group of reptiles whose first recorded appearance 


Fic. 84.—Lizard, Ptychozoon homalocephalum. (After 
Duméril and Bibron, from Lull.) 


Fic. 85 —Pterodactyl, Rhamphorhynchus phyllurus. (After Lull.) 


is in rocks of the Rhetic or uppermost Triassic period. They 
range through the Jurassic and on into the Upper Cretaceous, when 
they become extinct through racial death. They were undoubt- 
edly akin to the birds, but that simply means, in all probability, 
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derivation from a common, possibly Permian ancestry; neverthe- 
less the two groups show a number of highly comparable, homo- 
plastic characters, some of which have already been referred to. 
The remarkable thing is that like the turtles they first appear fully 
developed and characteristic of their order, with no record thus far 
discovered of their antecedent evolution, and the subsequent 
changes are very slight, simply an increase in size, perfection of 
the shoulder girdle articulation (see page 354) and loss of tail and 
of teeth. In size they range from that of a sparrow to the mightiest 
of nature’s aéroplanes, for the replica of the late Cretaceous Pterano- 


Fic. 86.—Pterodactyl, Pleranodon longiceps. (After Lull.) 


don (see Fig. 86) mounted at Yale measures 18 feet in alar expanse 
and Eaton is authority for the statement that at least one indi- 
vidual, judging from the relative proportions of the bones which 
have been preserved, had an estimated breadth of 26 feet 9 inches 
from tip to tip. The pterodactyls possessed true flight, which 
in those from the Kansas chalk must have been sustained, as their 
remains are found in association with marine reptiles, fishes, and 
invertebrates, apparently far from the ancient shore. Three of 
the principal horizons whence these pterodactyls come, the Lias 
of Lyme Regis of England, the lithographic limestone (Upper 
Jurassic) of Bavaria, and the Kansas chalk, are all marine in 
origin, which is also true of the source of the Mesozoic birds. 
It is highly probable therefore that in each instance we have 
not as yet knowledge of the great bulk of the group, but only 
of a few of aberrant habits and adaptation. 

Birds.—These birds in all probability include but a single evolu- 
tion to aérial life, although certain excellent authorities ‘believe 
more or less firmly that possibly birds had not one, but two points 
of origin, and feel that if we could follow back their lines of descent 
we should find that the ostriches came from one and the birds of 
flight from another” (Lucas). If this be true, the ratite or ostrich 
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Fic. 87.—Reptilian bird, Archgopteryx (A), compared with pigeon, Columba 
livia (B). (After Lull.) 


group as a whole, with a single exception (tinamou), has degenerated 
and lost the power of flight, although an examination of the skull 
and skeleton shows them to have been descended from flying nor- 
mal birds; whereas in the carinate or flying birds loss of flight, 
while it has occurred (flightless rail, penguin, dodo, etc.), is rel- 
atively extremely rare. 

Birds first appear in time in the Upper Jurassic (Solenhofen 
limestone) long after the initial record of the pterodactyls. These 
first birds, of which but two or three specimens have been recovered, 
are known as Archeopteryx (see Fig. 87 and Pl. XIV) and are so 
reptile-like that were it not for the preserved feathers it is doubtful 
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whether they could be surely proved to have been birds. The 
reptilian traits are teeth, free clawed fingers in the hand, feeble 
breast bone, abdominal ribs, etc. For a discussion of the origin of 
birds, see Chapter XXXI. 

The perfection of aérial adaptation among birds is superlative, 
as records will show compared with those attained by the 
man-evolved aéroplane. With re- 
gard to speed, the record is held by 
a house-swallow (Chelidon urbica) 
which flew from Ghent to Antwerp, 
a distance of 32 miles, in 1244 min- 
utes, an average speed of 153 miles 
an hour. Aéroplane records are 
hard to obtain in war time, but the 
British military ’planes make over 
120 miles per hour. For distance, 
the record is held by an albatross 
in the Brown University Museum, 
which flew 3150 miles in 12 days— 
probably more, as it rarely flies in 
a straight line. The weight of this 
bird was 18 pounds, wing spread 
11 feet 6 inches, area 7 square feet. 
As regards height, the great vulture 
rises from 7000 to 15,000 feet and 
Humboldt, a very accurate ob- 
server, saw a condor hovering 
above Mt. Chimborazc, whose 
summit soars 20,498 feet into the 
blue. An aéroplane has mounted 
more than 20,000 feet. 

Mammals.—Among the mam- 
mals there are upward of thirteen separate volant adaptations, 
one of which, that of the bats, attained the power of true flight. 
Among the flying forms the first to be mentioned are the marsu- 
pials, of which the flying phalangers include several unrelated 
species: Petaurus spp., Petauroides volans,and Acrobates pygmeus. 
These are characterized alike by having a well developed skin- 
fold along the sides of the body between fore and hind limbs, and 
a feebly developed one in front of the fore leg. In each genus the 
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Fic. 88—F lying phalanger (marsupial), 
Petaurus sciureus. (After Lull.) 
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flying form is especially related to a separate type of non-flying 
phalanger. 

In Petauroides the flying membrane extends from wrist to ankle, 
but is very narrow along the distal segment of each limb. The tail 
is very bushy except for its prehensile tip, which is naked on the 
under side. The tail, together with the long fur of the body, must 
supplement to a considerable extent the buoyancy of the patagium. 
This genus, with its single species, includes the so-called Taguan 
flying phalanger found in Australia from Queensland to Victoria. 

Petaurus (see Fig. 88) has a much broader patagium and there 
is a naked prepatagium as well. The tail is very large and bushy, 
but lacks the naked prehensile tip of the preceding form. There are 
three species of this genus, ranging over New Guinea and part of 
Australia. 

The genus Acrobaies includes two small species of flying phalan- 

gers which have narrow patagia extending from the elbow to the 
knee along the flank. The long fringing hairs borne by the pata- 
gium, together with those on either side of the tail, aid materially 
in flight. Acrobates pygmeus is found in New South Wales, Queens- 
land, and Victoria, while a second species, A. pulchellus, is a native 
of Papua. 
_ Two families of rodents contain flying forms: the Anomaluride, 
including the genus Anomalurus, and the Sciuride, of which three 
genera, Piteromys, Sciuropterus, and Eupetaurus, are volant. 
Anomalurus has a well developed patagium extending from wrist 
to ankle but narrowing in front of the leg from the knee down. 
As a compensation, however, there is an interfemoral membrane 
from the heel to slightly beyond the base of the tail. The genus 
includes six flying species, all found in Africa. 

Pteromys has a highly developed patagium extending as far as 
the digits. There are also prepatagia and an interfemoral mem- 
brane, and the tail is large. The genus is found in the wooded 
districts of tropical southeastern Asia, Japan, and some of the 
Malasian Islands, and is said to soar through a distance of nearly 
80 yards. 

Sciuropterus (Fig. 89) has no interfemoral membrane, but has a 
much better developed tail than Pteromys as a compensation. This 
broad hairy tail is further supplemented by the hairy fringe on the 
patagium and along the rear of the thighs, and they give collectively 
a broad supporting area. While members of this genus are smaller 
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Fic. 89.—Flying squirrel, Sciuroplerus volucella. (After Lull.) 


than those of Pteromys, their geographical range is much greater, 
as it includes the northern part of the North American and Eurasian 
continents, and India. 

Eupetaurus is of especial interest in that it is not arboreal but 
rock- and precipice-climbing. It inhabits the high elevations of 
northwestern Kashmir. 

Among the Insectivora, Galeopithecus (Fig. 77), the sole rep- 
resentative of the suborder Dermoptera, stands alone in its adapta- 
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tion, for it exhibits the highest degree of aviation of any of the 
Mammalia except the bats, and while not of course ancestral to 
the latter, it is evidently derived from a common stock and gives 
a very clear idea of the manner in which the evolution of the bats 
was accomplished. In this genus the patagium reaches its highest 
development, as it extends from the rear of the head along the 
front of the arm (prepatagium), between the fingers to the base of 
the claws, between the fore and hind limb, webbing the toes as well 


Fic. 90.—Bats. A, insectivorous, Vespertilio noctula; B, frugivorous, Pleropus 
sp. (After Lull.) 


as the fingers, and between the hind limbs and the tail (interfemoral 
membrane), including the entire length of the latter organ as in 
the insectivorous bats (Microcheiroptera). The musculature and 
innervation of the patagium resemble those of the bats and differ 
decidedly from those of all other volant mammals. The hand is 
much larger than the foot, but the fingers show no trace of elonga- 
‘tion. If they did the entire creature would be still more bat-like. 
As it is, the brain is midway in its development between that of a 
typical insectivore and that of a bat, and the alimentary canal is 
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also bat-like except for an elongated colon or large intestine, which 
in the bats and birds is very short. 

Galeopithecus is nocturnal, as are most volant mammals, resting 
suspended, head down, from a branch. Its soaring powers are very 
great, for Wallace tells us of a record of 70 yards with a descent of 
not more than 35 or 40 feet, or less than one in five. The genus 
includes two species: Galeopithecus volans, from the Malay Penin- 
sula, Sumatra, and Borneo, and G. philippinensis, which inhabits 
the Philippine Islands. 

The modifications which the bats have undergone to fit them for 
their aérial life have already been discussed. 

Among primates, but one genus, Propithecus of the Lemuride, 
exhibits volant adaptation and even here it is not very marked, for 
the powers of flight are quite limited. Lydekker gives 10 yards 
as the length of the leap, attributing the soaring to the powerful 
hind limbs, without even mentioning the existence of a patagium. 
Beddard, on the other hand, speaks of the “parachute-like fold of 
skin between the arms and the body, which suggests a commence- 
ment of the more complete parachute of flying foxes, etc.” Pro- 
pithecus includes three species, all from the island of Madagascar, 
and they are diurnal rather than nocturnal as is usual with volant 
mammals, although they are more active in the morning and even- 
ing than at other times. 


Summary 


A revision of Lull’s summary of volant adaptation follows: 

1. Volant evolution has occurred upward of thirty times among 
vertebrates, of which, however, but three are surely adapted to 
true flight, one or two are questionable and may be a combination 
of true flight and soaring, while the remainder are merely fitted 
to take long, sustained leaps. 

2. Soaring usually implies the development of a fold of skin 
along the creature’s flanks, supported in one instance by the exten- 
sion of the ribs beyond the body-wall, but generally stretched 
between the fore and hind limbs. This fold is often supplemented 
by others in front of the fore limbs and between the hind limbs, 
sometimes involving the tail. 

3. True flight always implies a more or less profound modifica- 
tion of the fore limbs, which become, as a consequence, unsuited 
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to ordinary progression. ‘True flight seems to be confined to the 
strictly air-breathing vertebrates wherein it has been developed 
thrice, once in each class. 

4. With the exception of the fishes, soaring implies also present 
or ancestral arboreal adaptation, and this may apply as well to 
true fliers. It is certainly true of the bats, probably true of the 
birds, but of the pterodactyls one can not speak with assurance. 

5. Besides the primary modifications which constitute the ma- 
chinery of flight, other portions of the body, especially the nervous 
system and the sense and nutritive organs, may exhibit secondary 
volant characters. These, as with the primary modifications, are 
in direct proportion to the powers of flight. 
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CHAPTER XXIII 


Cave AND DEEP-SEA LIFE 


CAVE LIFE 


“Marvel how the bat discerns 
Some pitch-black cavern’s fifty turns, 
Led by a finer tact, a gift 
He boasts, which other birds must shift 
Without, and grope as best they can.” 
‘ BROWNING. 


Origin of Caves.—Those caves which are of moment as animal 
habitats are invariably the abandoned channels of underground 
rivers which prevail in limestone regions. This limestone is soluble 
in water so that instead of being confined to the surface of the earth 
the waters sink under ground, enlarging the crevices through which 
they descend until the level of ground-water is reached, when the 
movement becomes lateral and subterranean channels of consider- 
able magnitude are formed. If the level of ground-water becomes 
depressed, the waters then tend to flow at lower levels and the proc- 
ess may be repeated, the older channels being abandoned except 
perhaps in time of flood, just as the ancient surface courses were. 
This abandonment may be due to a gradual lowering by erosion 
of the river valleys which serve as outlets for the region, but is more 
generally due to a gradual uplift of the land to a new level, for 
manifestly where the ultimate outlet of the river system is the 
ocean, the subterranean streams can not descend below sea-level. 

Subsequent subaérial agencies—rain and wind and frost—denude 
the surface, laying bare portions of the caverns so as to afford in- 
gress for the cave-dwelling plants and animals, and subterranean 
life begins. Still further surface erosion brings more and more of 
the cavern to light until it may ultimately be destroyed. The far- 
famed natural bridge of Virginia is a relic of what may once have 
been an extensive cave or series of caves. 

These caverns form discontinuous units of environment, as 
there may be no means of communication from one to another. 
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The creatures within them, therefore, if no longer suited to epigean 
(Gr. és, on, and 7%, earth) life, are virtually confined and must 
in extreme cases be the product of a very local evolution. In cer- 
tain of the larger cavern regions the individual caves do communi- 
cate or at any rate are part of the same subterranean drainage 
system. \ Hence the aquatic types which they contain can inter- 
mingle within the limits of the system, but they may be neverthe- 
less confined entirely within such limits. 

Distribution of Caves.—In North America there is a large cave 
area extending through parts of Indiana, Kentucky, Tennessee, 
and Missouri, embracing the so-called Mammoth Cave region. 
Mammoth Cave itself is to miles in length and its tortuous channels 


Fic. 91.—Diagram showing the formation of caverns in limestones, AA, clay 
bed; BB, limestones. The arch is the remnant of a former cave, forming a 
natural bridge. DD, sink holes leading to domes below. (From Pirsson’s 
Physical Geology, modified from Shaler.) 


cover a distance three times as great. In Edmonson County, 
Kentucky, alone, there are said to be at least four thousand sink- 
holes or pipes through which surface waters pass under ground, and 
five hundred known caves. Wyandotte Cave in Indiana and 
Luray Cavern in Virginia are other well known American caverns. 
As one would naturally infer, the region north of the Ohio River 
constitutes a separate system or bionomic unit from that to the 
south. 

In Cuba there are extensive caves in communication with the 
sea, and in Europe there are others, notably in Carniola and other 
portions of Austria and Illyria and in the Basses Pyrénées in France 
and Spain. The last, together with those of the Dordogne region 
in western France and the Cantabrian Mountains in Spain, are of 
great human interest in that they formed the abode of man in late 
Paleolithic time, and contain on their walls the marvelous art of 
the Stone Age. 

Few caverns exist in the glaciated regions of Europe or North 
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America, as almost all of them lie south of the great terminal mo- 
raine. 

Geological Age of Caverns.—The older caves like the Port Ken- 
nedy Cave, Schuylkill River, Pennsylvania, antedate the last 
glacial invasion and contain the remains of a Pleistocene fauna such 
as the tapir, peccary, Megalonyx and Mylodon, in all about forty 
species, of which all but twelve are now extinct. These remains 
were swept into the cave by floods and not drawn into it by animals 
as in the case of many European caves (Osborn). The forms repre- 
sented are thus all epigean and do not represent a cave fauna such 
as we are to discuss. 

The caverns in which living creatures are now found are all Pleis- 
tocene and although certain older caves may have been reéxcavated 
the fauna is probably not older than the Glacial period. The cave 
fauna as such is therefore, geologically speaking, of relatively recent 
date, which accounts for the fact, to be emphasized later, that the 
adaptive changes which the creatures have undergone are almost 
all the result of degenerative specialization, no new structures 
having arisen owing to the brevity of time. 


Nature of the Environment 


Two physical characteristics stand out most strikingly: absence 
of light, and nearly uniform temperature, the first especially being 
of decided and far-reaching effect upon cave-dwelling forms. In 
connection with these features the caves may be divided into three 
regions, as follows: 

Cave Regions.—1. Twilight (dysphotic) or transitional region. 
This lies just within the mouth of the cave and is bounded 
by the distance to which light penetrates from without. Con- 
ditions vary therefore from those of the outer world to those of the 
real cave. 

2. Region of fluctuating temperatures, wherein may be felt the di- 
urnal or seasonal variations of heat and cold. 

3. Inner cave region, where light is absent and where the tempera- 
ture remains comparatively constant regardless of the varying 
epigean conditions. For example, the Shawnee Cave at Mitchell, 
Indiana, where the extreme of thermometric variation the year 
round is only 2.2° Centigrade. This cave is open at both ends 
and the air flows through it freely. 
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These regions vary greatly in different caves. Some Cuban 
caves are entirely of twilight character, due very largely to their 
being sea caverns, the water at their mouth diffusing the light and 
thus causing it to penetrate much more deeply into the recesses 
than it otherwise would. These caves usually contain an abundant 
fauna, consisting largely of regular or accidental visitors from with- 
out. In certain ice caves which conserve the winter temperatures, 
that is, such as can be entered by the prevailing winter winds 
but not by those of summer, the entire portion beyond the 
twilight area may belong to the second section, while in tropical 
caves the second section may not exist at all. 

Moisture.—The degree of moisture in the cave conditions, while 
practically uniform in some parts of a cave, may fluctuate more 
than any other element in other portions. The great increase is 
of course found in the streams and pools, especially after a rain, 
for then the River Styx of Mammoth Cave may rise 60 feet above 
the low-water level, while in Shawnee Cave certain portions are 
filled to the ceiling. The water fluctuates, therefore, in amount, 
clearness, and swiftness with outside meteoric conditions. On the 
other hand, in the upper parts of Mammoth and Wyandotte caves 
the dust may lie undisturbed for years, for in the former there are 
still shown the tracks of oxen made in 1860, while in the latter are 
to be seen impressions of the moccasined feet of Indians. 

Barometric Pressure.—Barometric pressure varies as without 
and there is also variation in the air as well as in the water currents. 
The air currents are caused by (1) flow of water, (2) epigean breezes, 
(3) changes in atmospheric pressure, and (4) differences in tem- 
perature. 

On the whole the biological environment is comparatively simple 
and the adaptations are largely a response to lack of light, scarcity 
of food, and uniform conditions. 


Flora 


The absence of light and dryness is inimical to plant life, es- 
pecially to green plants, which, as we have seen, form the ultimate 
food supply of all animal creation. Hence the source of food of 
cave creatures is a very important problem. The plants which 
do exist are such as dwell in darkness and there have been recorded 
the following: 
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Mammoth Cave: 

1. Common fungus, identified as Ozonium auricomum Link (= Byssus 
aurantiaca) which is also found upon wood in caves of Great 
Britain, Germany, Michigan, and elsewhere. Farlow says of 
it: ““As far as I know it is simply the mycelium of some un- 
known fungus.” 

. Reddish, button-shaped fungus. 
. Green mold. 
. Long white mold. 
. Fungus growing on the body of a cave cricket (Hadenecus sub- 
terraneus). 
. Agaricus sp., forming when observed in 1881 a natural bed of 
mushrooms. 
Weyer’s Cave: 
1. Peziza sp. 
2. A colorless Agaric. 
Luray Cavern: _ 
Two species of fungi described by Hovey: 
1. Long white mold hanging in festoons. 
2. Mucor stalactitis, a supposed new species. 
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Bacteria seem to be absent if one may judge from the following 
evidence (Hubbard): 

“Washington’s Hall [Mammoth Cave] is a chamber of the largest 
size, and for many years the lunching place of tourists. . . . ‘The 
larger masses of gypsum afford convenient seats and tables for 
picnickers, and are strewn about with chicken bones and bits of 
food. The accumulation of such rejectamenta is very great, to 
be reckoned perhaps by the cartload; yet, notwithstanding the 
presence of so much offal, kept perpetually moist by contact with 
the gypsum sand, not the slightest taint is perceptible in the air of 
the chamber; only at close quarters the recently deposited morsels . 
give off a peculiarly rancid odor. As before, in the Rotunda, I was 
struck with the conviction that decay in the cave is an exceedingly 
slow process, accomplished mainly through the agency of a few 
fungi. . . . But if bacteria are absent, other scavengers in abun- 
dance attack this food material. I found it swarming with the 
larvee of Adelops and the maggots of a s mallfly (Phora). The 
imagos of the beetle and puparia of the fly were also present in 
countless numbers.’”’ 

On the other hand, the decay of mine timbers is generally rapid, 
dependent upon warmth and moisture. This may be far from the 
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entrance. Here, however, the bacteria may be brought in with 
the timber or by the constant passing in and out of the miners, or 
they may be blown in with the enforced ventilation. The condi- 
tions are hardly the same as in a natural cave. 


Fauna 


Temporary Fauna.—The temporary visitants to the caves need 
hardly be discussed as they exhibit little or no special adaptation 
to cavern life. The bats come the nearest among the temporary 
forms, and their adaptation, which is truly marvelous, is largely a 
nocturnal response which serves incidentally for cave-dwelling. 
The brown bats (Myotis lucifugus) of the Wyandotte Cave are 
described (Brooklyn Museum News, February, 1913) as returning 
daily to the cave for shelter. They cling in masses or small groups 
or singly to the vertical walls, the ceiling or any dry parts of the 
various caverns, some relatively near the entrance, others far within 
the caves at distances and through galleries puzzling enough to 
man even when supplied with brilliant lights. It is still a great 
problem to know what the special sense is, or what may be its 
degree of reflex or possibly conscious reaction on the bats them- 
selves, by which they conduct their flight through such galleries 
and among such numerous stalactites and stalagmites. Sometimes 
the masses of bats are so extensive that with a stick one may scrape 
from the wall a quantity sufficient at one sweep to fill a bushel 
basket. 

Permanent Fauna.—Only one mammal aside from the bats 
seems to be present, and that is the white-footed mouse (Peromyscus 
leucopus), which seems to be in a sort of transition between an 
_ epigean and true cave-dwelling form. This creature is characteris- 
tic of temperate woodlands. Where there are no rocks, these mice 
burrow and form extensive underground galleries; they even persist 
where the woods have long been cut away in open fields and 
meadows. In rocky woodlands they seek crevices among the rocks. 
When they collect in the caves, such as the Wyandotte, there is 
no evidence of their burrowing or of using any choice in the selec- 
tion of nesting places other than in breaks or against overhanging 
walls. They were taken 200 yards from the entrance of the cave 
in totally dark galleries. These mice are not blind as yet, but have 
bulging eyes. and long whiskers (tactile) and ears, all of which may 
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be looked upon as partial adaptations to darkness, whether cave 
or not. 

No birds are permanent cave-dwelling forms, as there are no 
blind birds. Some nocturnal birds such as owls use the caverns 
for daily refuge, and there dwells in the mountainous regions of 
northern South America and the island of Trinidad the “oil-bird,”’ 
Steatornis caripensis, related to the owls and goat-suckers, which 
nests exclusively in caves. This creature was made known to 
science a century ago by Alexander von Humboldt, but was re- 
cently re-discovered by Roosevelt, and figured quite extensively 
in the daily press as the Colonel’s ‘‘bewhiskered devil-bird.” 

No reptiles are permanent or even temporary cave dwellers. 
Eigenmann found one turtle a little way in, probably an accidental 


Fic. 92.—Epigean salamander, Spelerpes longicauda, with eyes and color. (After 
Eigenmann.) 


ingress, and a copperhead snake at the mouth of a cave. There are 
many blind burrowing lizards and snakes, but, as we shall see, the 
cave fauna has not been recruited from fossorial types, the only 
apparent exception being the mouse mentioned above. 

As for the Amphibia, there are no blind frogs or toads, hence no 
cave-dwelling ones, largely in all probability a result of their mode 
of progression, for jumping in the dark is directly at variance with 
the ancient proverb which advises observation in advance of 
saltation as the only safeguard. Blind crickets inhabit caves, it is 
true, but they are armored creatures whose light weight and general 
organization render concussion of the brain a very remote possi- 
bility. 

Of cave salamanders, on the other hand, there are several in 
North America, two with normal eyes and two with degenerate 
eyes, and the last are a direct response to cave life, as there are no 
blind epigean salamanders. The normal-eyed forms belong to the 
genus Spelerpes (Fig. 92) of which S. maculicauda is red and black 
while S. stejnegeri is yellow and brown. The former is found from 
Indiana through Kentucky to Missouri, the latter southwest of 
Missouri. Neither has progressed appreciably in the direction of 
cave degeneracy. This is not true, however, of the remaining two 
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salamanders, for Typhlotriton speleus, which is light brown and 
" lives in southwestern Missouri, has normal eyes in its larval state, 
with marked degeneracy of these organs upon becoming adult. 
The eyelids and the rods and cones of the retina all disappear. 
Typhlomolge rathbuni (Fig. 93) is a perennibranch salamander, 
that is, one with permanent gills, and has extremely degenerate 
eyes which have no muscles and are covered with skin and therefore 


Fic. 93—Degenerate cave salamander, Typhlomolge rathbuni, without eyes or 
color. (After Eigenmann.) 


functionless. Zyphiomolge is bereft of color and has very long, 
slender limbs. It gives an impression of extreme emaciation. This 
salamander inhabits the subterranean rivers of Texas, all the speci- 
mens thus far known having come from the water of an artesian 
well 188 feet deep, near San Marcos (Gadow). 

Proteus anguinus (Fig. 94) is a peculiar form restricted to the 
underground waters of Carniola, Carinthia, and Dalmatia in 
Europe. Near Trieste are the huge caverns of Adelsberg which 
are especially noted for the occurrence of the “Olm,” as the Ger- 
mans call it. Here it dwells in absolute darkness, in an almost 


Fic. 94.—Blind Proteus anguinus, from the underground 
waters of Carinthia, Carniola, and Dalmatia. (After Gadow.) 


constant temperature of 50° Fahrenheit. “Their total length is 
scarcely one foot. The whole body is white, occasionally suffused 
with a slight fleshy, rosy tinge, while the three pairs of gill-bunches 
are carmine-red. They are easily kept in captivity, and live for 
many years, provided three conditions are strictly adhered to, viz., 
fresh and clean water, an equable low temperature of about 50° 
F. = 10° C. and darkness. The question of food is not so very 
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important, since specimens are known to have existed for years, 
although they refused to take any nourishment. How far darkness 
is an absolute necessity is not known. Anyhow, the white skin is 
almost as susceptible to light as is a photographic plate. If light 
is not absolutely excluded the white skin becomes in time cloudy, 
with grey patches, and if kept exposed to stronger light, the whole 
animal turns ultimately jet black’’ (Gadow). 

While totally blind, these creatures are nevertheless annoyed 
by the approach of a candle flame, showing that the body is sensi- 
tive to light. They are guided to their prey mainly by the vibra- 
tions which its movements give rise to, possibly also by the sense 
of smell. 

The fishes include the largest number of cave-dwellers. The 
cave catfish, the species known as Gronias nigrilabris, is a partially 
blind form found in the caves about Conestoga Creek, in Lancaster 
County, Pennsylvania, and Jordan thinks it is evidently derived 
from local epigean species. The eyes of many catfishes are not 
highly developed and are of little use in detecting food, so that 
their further reduction as an adaptation to cave life is not remark- 
able. : : 

The great majority of North American cave fishes belong to the 
family Amblyopside, and all of the species, whether cryptozoic 
(Gr. kpumtos, hidden, and 7, life) or epigean, show signs of 
degeneracy, eight having degenerate eyes, five mere vestiges, six 
dwelling permanently in caves, one in a spring, the others in open 
streams. This family contains several genera, of which Chologaster 
cornutus, the Dismal Swamp fish, represents the epigean ancestral 
type. In this fish the eyes, though small, are normally developed 
and the colors are also preserved. Other species of Chologaster 
(Fig. 95,B) possessing eyes and color, but also provided with the tac- 
tile papilla which are so highly developed in true cave forms, are 
found in cave springs in Tennessee and southern Illinois. The small 
cave fish Typhlichthys subterraneus, from the Mammoth Cave, is 
supposed to be a direct descendant of Chologaster. Here the eyes 
are present in the young but become defective and useless in the 
adult, and are partly overgrown with other tissues. Amblyopsis 
speleus (Fig. 95,A) of Mammoth Cave is one of the most interesting 
of cavern fishes. Eigenmann describes the senses of this creature 
at some length. The animal is totally blind, but has what he calls 
“terminal buds,” interpreted in part as gustatory (taste) organs 
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scattered over the entire head, especially on the lips and snout. 
Experiments indicate that if they are present on other parts of the 
body they are few in number. While these fishes are no doubt able 
to taste by means of the buds on the lips and snout, practically 
all of the food is found by means of the tactile sense. The young © 
up to 40 mm. in length do not have terminal buds developed, and 


Fic. 95.—A, Cave fish, Amblyopsis speleus, eyeless; B, head of Chologaster pap- 
illiferus, possessing eyes but blind. Special tactile organs highly developed in 
both forms. (After Eigenmann.) 


so their food is located entirely by touch, for the sense of smell 
plays but a minor part, if any. 

The tactile sense enables the fish to detect vibrations in the water 
originating at least 18 inches away, and it turns and swims toward 
the point of agitation with unerring accuracy. Agitations behind 
the animal are not so quickly detected as those in front or on either 
side. As the fish live in quiet waters this sense becomes of the ut- 
most importance to it, far exceeding in value that of smell or taste. 

Although blind, Amblyopsis avoids even the diffused light of a 
room, remaining in the dark compartment of the aquarium until 
night, when the specimens all collect in the light compartment. 
Bright sunlight is irritating, and even a lighted match held near the 
aquarium causes very general and active movement. The direc- 
tion of light does not influence the action of these fishes, but their 
behavior is due to a perception of difference in the intensity. In 
Chologaster young fish an inch in length react more strongly to light 
than older ones, even if their eyes are destroyed, and one part of 
the body is as sensitive as another to a pencil of strong light. Am- 
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blyopsis also shows a strong positive reaction toward violet rays and 
a strong negative one toward pink and blue (heliotropism). 

The ear of Amblyopsis is anatomically normal, but no ordinary 
noises such as screaming or striking together metal bodies over the 
fish have the slightest effect upon its actions. It seems therefore 
to be totally insensible to sound waves, although, as has been shown, 
highly sensitive to other vibrations. 

Amblyopsis feeds on occasional young fish of its own or some other 
species; it also eats the blind crayfish and Crangonyx and perhaps 
Cecidotea, though the latter lives concealed under stones. The 
crayfish feeds upon the two lesser Crustacea, so that sooner or later 
their substance may form a part of the Amblyopsis even if they do 
not contribute directly to its menu. 

The invertebrate fauna shows in general the same modifications 
among its members as are found among the vertebrates. 

Summary of Modifications.—The adaptations which cave ani- 
mals have undergone are all in the nature of retrogressions or 
modifications of preéxisting structures. The principal modifica- 
tions, therefore, fall under the four following groups, of which the 
first is: 

1. Loss of pigmentation or bleaching in response to lack of light. 
The Cuban cave fish, Stygicola, a modified marine fish, is in a 
transitional condition, as the individuals range from pale violet 
to steel blue. The former should be found in the deeper recesses 
of the caves but as a matter of fact both light and dark fishes are 
found side by side. As has been said, the diffused light penetrates 
deeply into these Cuban sea caves, which may account for the 
apparent slowness of depigmentation. The rosy color of the Pro- 
teus, especially the carmine of its gills, is simply due to the hue of 
its blood showing through the pigment-less skin. Proof of this, 
if such were needed, would be the alternate paling and reddening 
of the gills when bloodless or suffused with the life-giving fluid 
during respiration. 

2. Reduction of the eyes. These may degenerate in the manner 
shown above, the individual parts of the eye becoming imperfect 
and hence functionless, or the entire eye may be still further re- 
duced, covered by other tissues, or even become entirely obsolete. 
Blind forms, as has been shown, may nevertheless be sensitive to 
light and even heliotropic. As a partial recompense for the loss 
of vision, tactile organs, including antenne, or possibly the sense 
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of smell, may be increased in efficiency. Cave fishes and salaman- 
ders are highly sensitive to ordinary vibrations, although in some 
known instances deaf to sound waves. 

3. The organs of digestion may be considerably modified, due 
no doubt to the scarcity of food, which not only implies long fasts 
and irregular digestive activity, but a highly efficient utilization 
of whatever of nutrient value the food may contain. 

4. Slender bodies and long attenuated appendages are also 
characteristic of cave dwellers. The botanical term “depauper- 
ated,’ which means falling short of the natural size from being 
impoverished or starved, expresses the general appearance quite 
clearly, as almost all of the effects, other than those produced 
directly by the absence of light, are due to scarcity of food. Qui- 
escent conditions seem conducive to length of appendages, for 
this characteristic is seen in other localities, as on the bottom of 
the sea. 

Convergences.—As one would infer, convergences exist because 
of the simple and uniform character of the environment, which 
offers little opportunity for variety of habitat or habits, hence of 
necessity all cave creatures tend to look alike. 

Food Supply.—The scarcity of food has been emphasized, but 
the ultimate source of food is yet to be discussed, for in its final 
terms animal food is derived from green plants, which in their 
turn depend upon sunlight. Hence Nature’s great epigean labora- 
tory must be the ultimate source of the food, and its transference 
into the cave is largely a matter of chance. Some is doubtless 
brought in by temporary visitants whose rejectamenta form a 
meager supply for the busy scavengers which in turn perish that 
others may be fed. Some plant food is blown in or carried in by 
the subterranean streams, but it may readily be seen that the 
amount of food available is in indirect proportion to the size of 
the cave and directly in proportion to that of the entrance. 

Theories to Account for Cave Modifications.—Several theories 
have been advanced to account for cave modifications, among 
which are the following: 1. Cessation of selection or amphimixis 
would probably account for the reduction of certain structures, 
although whether it would cause them entirely to disappear is a 
mooted question. The reversal of selection may account for the 
loss of such structures as the eyes, for it is conceivable that in the 
deeper recesses of the great caves the presence of such easily in- 
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jured organs might become a menace rather than a mere matter 
of indifference. 

2. Most explanations of the origin of the retrograde characters 
of cave animals involve the inherited effects of disuse, in other 
words, the inheritance of acquired characters, of which so many 
good authorities deny the possibility. 

3. In view of the difficulties in the way of this, it seems that 
the theory of the cumulative effect of determinate variations may 
explain the adaptation for cave life which makes possible the origin 
of cave inhabitants and their further modification after becoming 
cave forms (Banta). 

4. The forms were adapted first and changed their environ- 
ment to suit. 

Perhaps a compromise explanation embodying portions of those 
listed above may come nearer the truth than any one exclusively. 
It may be that creatures already weakened and tending to de- 
generate entered the caves for retreat from the strife of epigean 
existence for which they were unfitted, and that starvation and 
absence of light increased the individual degeneracy and finally 
had its effect on the race. Nevertheless it may well be that cer- 
tain of the modifications shown By. cave-dwelling forms are merely 
ontogenetic. 

Origin of Cave Faunas.—Four theories have been advanced 
by Eigenmann to account for the origin of cryptozoic faunas. These 
are: (1) Accidental carrying in. This probably plays little or no 
part in cavern-peopling, for frogs and fishes placed within the 
caves have speedily departed, either to the epigean region or to 
oblivion, and such attempts have never succeeded in establishing 
a single new cave form. 

(2) Step by step colonization, the species penetrating further 
and further into the deeper recesses in successive generations. 

(3) The animals may have developed along with the caves, 
pari passu, a theory which is rather unlikely. 

(4) Animals elsewhere adjusted to do without light may have 
gathered voluntarily into the caves. This, as has been empha- 
sized, does not mean fossorial forms but those which lived in 
crevices or under banks and rocks where feebler creatures would 
be likely to take refuge. The white-footed mouse has such a habi- 
tat in rocky woodland, and it is only when it lives in woodlands 
where no rocks exist that it burrows and thus proves the exception 


CAVE AND DEEP-SEA LIFE 381 


to the rule; this burrowing, furthermore, may well be a secondarily 
acquired habit. 

This last theory of cavern-populating conforms most nearly 
with that which seems most plausible for the origin of cave 
modifications. 


DEEP-SEA LIFE 


Environment 


Extent.—While the oceans cover 64.5 per cent of the earth’s sur- 
face the deep sea is more limited in extent; nevertheless it em- 
braces about one-half of the entire globe. Most geologists have 
become convinced of the relative permanency of the oceans, there 
having been no essential shifting of their areas, at least since the 
close of Proterozoic time, 

Physical Characteristics.—The most remarkable characteristics 
of the sea in their effect upon animal life, which were discussed in 
detail in Chapter V, are four in number, of which the first is cold. 
Below about 3000 feet the temperature is 37° F. or less, all diurnal 
and seasonal fluctuations of temperature cease, and the waters 
are equable in their darkness and degree of heat the world over, 
whether they lie beneath the pole or under the vertical rays of a 
tropical sun. In the great “deeps”’ the water is ice-cold, averaging 
about 32° Fahrenheit. Ocean currents from the polar regions, 
sinking ever deeper, flow toward the equator with a deliberation 
which renders their rate of progress immeasurably slow; neverthe- 
less they bring with them to the greatest depth the boreal cold, 
and oxygen; food, on the contrary, sinks directly from the sun-lit 
upper strata into the depths. 

This intense cold is believed to date from the Glacial period, for 
with the melting of the ice the cold waters, pouring into the oceans, 
sank into the depths, so that the Pleistocene was a critical time for 
all forms of life, not only for the plants and animals of the glaciated 
lands and the shallow-water life of the northern and southern 
oceans, but evidently for the scarcer denizens of the abyss as well. 

Below the limits of disturbance caused by the greatest of storm 
waves, about 150 feet, and below the average depth of tidal action, 
probably about 600 feet, all movement is exceedingly slow, and there 
are only the imperceptibly deliberate diffusion streams which 
mingle the waters. However, about the oceanic islands and in 
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places along the continental slopes down to about 3500 feet the 
bottoms are without ooze accumulation. 

The distance to which light penetrates varies with the angle of 
the sun’s rays and the clarity of the water; but on the average 200 
fathoms is the limit of its penetration. This, as in the case of cave- 
dwelling forms, has its effects both direct and indirect on the 
organisms of the deep. 

While atmospheric pressure at sea-level, depending as it does on 
the weight of the overlying column of air, is, on the average, nearly 
fifteen pounds to the square inch, when one goes downward below 
the surface of the water the pressure increases enormously owing 
to the greater relative weight of water. This rate of increase, 
which is in direct proportion to the depth, is, in round numbers, 
about one ton to the square inch for every thousand fathoms. 
Even at sea-level the burden of the air pressure upon our bodies 
would be unbearably great were it not equalized within and without, 
and so it is with marine forms. The submarine diver in his inflated 
dress is strictly limited as to depth, and so is the underseas craft, 
because the pressure is borne by the surface of the ship and is not 
transmitted throughout its mass as it is in a deep-water animal. 
Hence the submersible is crushed and destroyed at a relatively 
slight depth compared with that beyond which pressure-adapted 
creatures can penetrate with security. 

Summary of Bionomic Features.—Briefly, these are the four 
factors just discussed—cold, quiescence, darkness, pressure; add 
to these the total absence of living green plants beyond the light 
zone and the summary of conditions is complete. 

Sea Floor.—Because of its influence on marine life the character 
of the ocean bottom must be determined. Away from the con- 
tinental margins the ocean floor is a vast undulating plain with 
occasional volcanic and other elevations which may or may not 
reach the surface, and here and there profounder abysses—the so- 
called deeps. This floor is carpeted with a mass of material, of 
terrigenous (born of the land) origin near the shores, and organic 
in nature further out until the profounder depths are reached, 
where the organic materials cease. ‘Thus the continental shelf 
from tide limits to the depth of too fathoms is covered with terrig- 
enous materials, mainly sands with occasional areas of mud washed 
into the sea by rivers, the débris of subaérial and stream erosion, 
and also that made by the waves in cutting back the land. Out to 
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200 miles from land, more or less, and therefore at depths up to and 
Over 1000 fathoms, both terrigenous and organic materials prevail, 
but beyond these limits the former cease except for water-logged 
volcanic material—pumice stone and ash—to which should be 
added the extra-terrestrial bodies called meteorites. 

The organic remains are known collectively as oozes, and con- 
sist of the shells and partially decomposed remains of tiny organ- 
isms, Protozoa, Mollusca, and plants, which dwell in the upper 
portions of the sea and whose bodies fall as a veritable rain into 
the depths when their allotted span is measured. The oozes are: 

1. Pteropod ooze, consisting of a certain percentage of the limy 
shells of pteropods or sea-butterflies (Mollusca) mingled with other 
organic remains. This ooze is not very extensive, comparatively 
speaking, and is found at a limited distance from land. In depth 
it ranges from 500 to 1500 fathoms. 

The second kind of ooze, known as foraminiferal or Globigerina 
ooze, contains a high percentage of the remains of Foraminifera, 
small marine Protozoa whose shells are also composed of carbonate 
of lime. Of these the genus Globigerina is so characteristic and 
abundant as to give its name to the mass. This is the most exten- 
sive ooze of all, covering vast areas of the Atlantic and Antarctic 
oceans. Its vertical range is from 1500 to 2500 fathoms. The lower 
limit is caused by the increase of carbonic acid dissolved in the 
water, which in turn is determined by increasing pressure. The 
presence of this carbonic acid adds to the solvent power of the water, 
hence limy shells can not exist beyond 2500 fathoms, and, if the 
water’s depth exceeds that limit, they are dissolved before being 
buried by later accumulations. 

Radiolaria are also Protozoa which secrete delicate glassy tests 
or skeletons of silica. These, while fragile and easily broken, resist 
solution far beyond the disappearing point of the calcareous shells. 
Radiolarian oozes are not widespread, but occur in the tropical 
regions of the Pacific and Indian oceans. They cover but 3.4 per 
cent of the ocean floor. 

Diatom ooze is formed of the siliceous shells of minute plants, of 
which a single species is particularly abundant in Antarctic waters, 
where the Diatom oozes cover an area estimated at 10,000,000 
square miles or 6.5 per cent of the entire sea bottom. The average 
depth is about 2000 fathoms. 

Beyond the oozes comes the red clay, the most widely distributed 
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of oceanic deposits, as it covers 36 per cent of the oceans. In depth 
it ranges from 2500 fathoms downward and really includes the 
limits of the Radiolarian ooze, for Murray says that the latter may 
be regarded as a variety of red clay containing many radiolarian 
skeletons. This red clay is derived chiefly from the disintegration 
of the pumice and other volcanic materials which have long been 
acted upon by sea water. In the greatest depths there is of course 
practically no limy material present, but in lesser depths the clay 
merges either into Globigerina or Radiolarian ooze. The rate of 
deposition of the red clay is very slow, as there have been found 
in it grains of meteoric dust, the undissolved ear bones of whales, 
and the teeth of huge sharks (Carcharodon megalodon). The latter 
are not known to have survived the Pleistocene period, and yet 
the teeth lie so near the surface of the deposit as to be picked up in 
an ordinary dredge, occasionally in great numbers, one dredge 
load from the central Pacific containing 50 ear bones of whales 
and 1500 sharks’ teeth. 

Food Supply. —The significance of the oozes from our present 
viewpoint is that they constitute the importers of food into the 
depths. Many of the creatures lived in the great pelagic zone where 
life-giving heat and light are prevalent and where green plants 
(alge) flourish. These alge form the food of the ooze animals and 
thelatter,dying, descend through the refrigerating.cold to the depths 
below. Although certain bacteria may be present, disintegration 
must be very slow, so that the animal substance remains available 
as food for a considerable time. The ooze is in a state of suspen- 
sion, probably a foot or more in depth, and to this come fishes 
with feeble masticatory organs to feed upon the ooze creatures, 
and in their turn form the food of the more aggressive, predaceous 
sort. From the nature of things all of the animals are carnivorous. 


Deep-Sea Fauna 


All phyla of animals are represented in the deep-sea fauna, but 
they are of course only water-breathing organisms, hence the 
higher Arthropoda (insects, etc.) and all vertebrates above the 
fishes are debarred. 

Origin.—None of the deep-sea forms is the product of a locally 
evolved race, but they are all simply adapted migrants from the 
lesser depths, either the pelagic or the littoral realms. Thus their 
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modifications are merely a response to the physical conditions of 
the deep sea which, while it gives rise to convergences as does the 
cave life, does not entirely mask relationships with the shoal-water 
forms. It was thought that because of its changelessness the deep- 
sea would prove the last refuge of certain very ancient forms of 
marine life, elsewhere extinct, such for instance as the Paleozoic 
trilobites. But extensive submarine exploration, notably that by 
the English ship “Challenger,” the American “Albatross,” and 
the Norwegian ship “Michael Sars” has revealed many abyssal 
organisms, none of which is old, geologically speaking, or if 
ancient, without living relatives in shallow waters. In other 
words, no Paleozoic survivals are exclusively deep-sea in their 
present distribution, in fact, there are here no Paleozoic stocks 
at all. 

It may safely be said that the deep-sea invertebrates do not 
antedate the Triassic and that the majority have affinities with 
Jurassic and Cretaceous types. The vertebrates, on .the other 
hand, are yet more recent, for, with the exception of the sharks and 
chimeeroids, none is older than the Lower Cretaceous and the 
exceptions mentioned may well be relatively recent downward 
migrants, although they are representatives of creatures which 
have survived at least from the Carboniferous. 

Adaptive Characters.—The adaptive characters of deep-sea 
animals are summarized by Gunther as follows: 

1. The animals are frail and weak, with very little earthy matter 
in their bones. The flesh is thin and flabby in consistency (see, 
however, page 3090). 

2. Simplified colors are the rule, either pearly gray or black, 
although some fishes have scarlet fins. The last may be an in- 
heritance from a colorful ancestor, or, as in the case of the blind 
Proteus of the Austrian caves, may be due to the color of blood 
showing through a pigment-less skin. The pink eyes of an albino 
are analogous. One fish, Macrurus filicauda, reverses the standard 
faunal coloring of sea fishes in that it has a black belly and is silvery 
on top. This may be explained as a response to the reversal of the 
source of illumination, for such as there is is due entirely to the 
phosphorescent light emanating from the animal life, which is 
largely benthonic. Hence the enemy looking down on the fish 
from above sees only the silvery back which blends with the lumi- 
nous environment, while to a foe looking up from below the black 
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belly would blend with the overlying darkness and thus become 
practically invisible. 

3. Some deep-sea fishes are blind, others have telescopic eyes, yet 
others have eyes like concave mirrors, either of the two latter types 
serving to absorb the greatest possible number of light rays. 

4. There are, as a compensation for the loss of vision, certain 
tactile organs, long feelers, and slender attenuations of the fins such 
as may only be used effectively in quiescent waters. 

5. Almost all are phosphorescent. The light-giving function 
may be either diffused over the entire body or localized in highly 
modified organs. These may take the form of round, shining, 
mother-of-pearl-colored bodies, imbedded in the skin, either larger 
bodies of an oval or irregularly elliptical shape, placed on the head 
in the vicinity of the eye, or smaller round globular bodies ar- 
ranged symmetrically in series along the side of the body and 
tail, especially near the abdominal profile, less rear R along 
the back (Gunther). 

This phosphorescence seems to have been acquired before the 
deep-sea migration occurred, necessitated by the nocturnal pelagic 
habits mentioned above. Such forms are diurnal vertical migrants, 
coming to the surface at night and sinking below the light zone 
during the daytime. This habit may have aided in their adjust- 
ment to pressure changes and thus made easy their abyssal journey, 
accomplished probably by step-by-step migration extending over 
many generations. Phosphorescence is absent in all fresh-water 
fishes, for the only places wherein they could find perpetual dark- 
ness—the profounder depths of certain lakes and inland seas—are 
of too brief duration, geologically speaking, for the evolution of 
new structures such as these. The chemical character of sea water 
as an aid to their establishment in marine fishes has also been 
mentioned as a reason for their absence in fresh waters. But many 
insects are phosphorescent and none such are marine. 

6. Many deep-sea fishes live on decaying ooze, and hence have 
lost their powers of mastication. Others are rapacious, with powerful 
jaws. 

7. Many show wonderful contrivances for the care of young; 
others produce young in enormous numbers. 

Vertical Distribution.—Life exists at all depths, specimens hav- 
ing been taken even at so profound a distance downward as 8000 
meters or 26,000 feet, nearly 5 miles, but the numbers of individuals 
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decrease as the dredge descends to greater and greater depths. 
The abyss is, however, comparatively rich in species though poor 
in individuals. Thus at 500 fathoms the dredge may contain a 
hundred examples of the same animal, whereas in greater depths 
there may be two each of ten different species. 

Sir John Murray has determined the number of bottom-dwelling 
forms at the various levels to be 

Down to 200 meters, about 4,200 species 
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It should be remembered, however, that the operation of dredg- 
ing in very deep waters is one involving much time and expense, 
so that a very small proportion of the abyssal floor has been actually 
explored. Then, too, the exploration is done blindly and the ele- 
ment of chance must enter very largely into the result, especially 
if the creatures to be secured are at all alert and quick of move- 
ment. 

Summary.—The absence of green plant life must be emphasized, 
but, with this exception, all the phyla of organisms found in shallow 
water are represented. Among the invertebrates, the sponges form 
an important element in the deep-sea fauna, and coelenterates such 
as the corals, hydroids and their allies, while not so numerous as 
the sponges, are also well represented. Echinoderms, among which 
are the brittle-stars and stalked crinoids, the latter the survivors 
of a formerly extensive group, are present, and holothurians or sea- 
cucumbers are also found. The modern stalked crinoids are rarely 
found beyond a depth of 2000 fathoms, although the free-swim- 
ming species, Bathymetra abyssicola, has been obtained at a depth 
of 2900 fathoms. One is, however, generally suspicious of the re- 
corded depth of pelagic forms, for while the depth to which the 
dredge actually descended may be beyond dispute, the contained 
creatures, except of course benthonic forms, may possibly have 
been caught in transit and at a much higher level. Starfishes, 
while living mainly at moderate depths, do descend to 2000 fathoms 
or more. The sea-urchins have been dredged from depths of 2000 to 
3000 fathoms but those from the greater depths have very light thin 
shells comparable to the bones of the abyssal fishes. Of the annelid 
worms, while the majority are undoubtedly littoral, deep-sea forms 
are also common, characteristic specimens having been dredged 
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by the “Challenger” from a depth of 4000 fathoms off Teneriffe. 
These were tube-building worms, but other species also occur. 

Bryozoa range to 3000 fathoms. Brachiopods have been dredged 
from 2900 and probably go much deeper, a single species having a 
vertical range of nearly 800 fathoms. Of the Mollusca, the Pelecy- 
poda have a very great vertical distribution, that of the mussel 
Mytilus phascolinus being from the shore to 3000 fathoms. In the 
greater depths the shells of bivalves are exceedingly delicate, being 
sometimes quite transparent; in the littoral zone, on the other hand, 
thick-shelled pelecypods are the rule. The majority of gastropods 
are shallow-water forms, although a number of them are found at 
depths of from 1000 to 2000 fathoms. As in the pelecypods, the 
shells and their ornamentation are more delicate than in their shoal- 
water relatives, and their colors are faint, “though often this is 
counterbalanced by the brilliancy and beauty of the iridescence, 
and even the non-iridescent abyssal species give out a sort of sheen, 
which is wanting in their shallow-water allies” (Grabau). 

Cephalopods (see Chapter XXVI) inhabit waters of moderate 
depths only, but because of their prevailingly great swimming pow- 
ers only the benthonic or sluggish sorts are taken in the dredge, 
our knowledge of the more aggressive sorts being derived largely 
as a result of accident or as a by-product of the sperm-whale fishery, 
for they constitute the bulk of the dietary of this huge cetacean. 
There is but one sedentary benthonic cephalopod, and that is S'p7- 
rula, ““which attaches itself to rocks like an Actinia [sea-anemonel, 
or lies partly buried in the mud with its beautifully coiled and 
chambered shell wholly concealed by the fleshy parts. A perfect 
specimen was dredged off Granada in the Caribbean by the ‘Blake’ 
from a depth of 950 fathoms” (Grabau). 

Of the arthropods, we have barnacles from 3000 fathoms, ostra- 
cods from 2000, decapods such as crabs, shrimps, and lobsters rang- 
ing down to 2500, though true crabs are largely shallow-water forms, 
few occurring below 400 fathoms. 

Vertebrates.—Of the elasmobranchs, the true sharks have been 
taken at depths of from 345 to 400 fathoms and the rays down to 
608 fathoms. None show deep-sea characteristics, however. The 
chimeeroids or silver sharks (see Fig. 11), on the other hand, often 
with huge eyes and a long attenuated body and tail, are dis- 
tinctly abyssal in their appearance. Of these, Chimera affinis 
ranges from 200 to 1300 fathoms, Callorhynchus down to 600, 
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Fic. 96.—Deep-sea fishes. A, Photostomias guernet, length 1.5 inches, taken at 
3500 feet; B, Idiacanthus ferox, 8 inches, 16,500 feet; C, Gastrostomus bairdii, 18 
inches, 2300-8800 feet; D, Cryplopsaras couesti, 2.25 inches, 10,000 feet; E, F, 
Linophryne lucifer, 2 inches. (After Goode and Bean, from Schuchert’s Historical 


Geology.) 
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Harriotta from 700 to 1000, and Chimera monstrosa down to 
1000. 

The Esociformes (pike-like) group of teleost fishes includes the 
cave forms, Amblyopside, described above, in addition to two fami- 
lies with deep-sea members, such as Cetomimus, with a huge mouth, 
small teeth, no scales, and very small eyes. Another, Ipnops, is 
paradoxical in that while it has no eyes it has nevertheless two 
large, phosphorescent organs on the head! These may be alluring 
to aid in securing prey (see below). Of the Clupeiformes or herring- 
like fishes the deep-sea family Stomiatide are characterized by 
delicate scales or none and by well developed phosphorescent 
organs. Anguilliformes are eel-like, and of these the larva of the 
true eel, known as Leptocephalus, is to be included among the 
abysso-pelagic forms. Another, Gastrostomus (Fig. 96,C), with very 
long, slender body and enormous jaws, is a highly characteristic 
abyssal type. Gadiformes, cod-like forms, are not old geologically, 
ranging from Oligocene and Miocene to recent.. The deep-sea 
representatives have the mouth reduced in size, dentition reduced, 
eyes very large, trunk shortened and tail tapering to a filament. 
Thus, while cod-like in general aspect, they are nevertheless dis- 
tinctly abyssal, but being relatively recent downward migrants 
their adaptations are not yet profound. 

The Pediculati (anglers) include a remarkable group of fishes 
whose paired fins have become adapted for bottom-crawling, and 
the anterior fin-rays of the dorsal fin function as a lure, unwary 
fishes being brought within the influence of the horrible jaws and 
incontinently engulfed. The shoal-water allies may be protec- 
tively embellished with filaments, like fronds of sea-weed, to permit 
them to lie in wait in a bed of algee without detection. The deep- 
sea forms, on the other hand, are bereft of such devices, which 
would be manifestly out of place where no sea-weeds exist, but 
they are peculiarly adapted none the less to their habitat. As they 
are not benthonic, the pelvic fins are absent, and so are the scales; 
the color is black and instead of a seaweed-simulating lure, the 
fin-rays are tipped with luminous organs to attract the prey (Lino- 
phryne, Fig. 96, E, F). One, Oneirodes, is itself blind, but here the 
value of phosphorescent organs is at once apparent. 

The deep-sea fishes have been spoken of as weak and flabby 
of flesh, but that is when released from the terrific pressure to 
which they are adapted. The relatively great jaws and cruel 
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mouth armament which many possess imply creatures of marked 
physical prowess, decidedly out of harmony with their apparent 
frailty when within the scope of human observation. 

Another characteristic of deep-sea fishes which has not been 
mentioned is their very small size, for whereas the dimensions of 
shallower water forms may often be measured in feet, a length of 
several inches is distinctive of many of these grotesque ‘“mon- 
sters”’ of the abyss. 


Perhaps the most striking feature of the deep sea and of the 
cave as well is their changelessness. There is nothing to mark 
the flight of time—no day or night, no sequence of seasons, and 
the sameness of conditions year in and year out must have a marked 
influence on the inhabitants. The stream of individual life 
as well as of evolution is quickened by environmental changes 
and is lulled into repose where change is not. Thus these forms, 
when once they are adapted to the peculiar conditions which, as 
incoming migrants, they have to meet, practically cease their 
evolution as they diminish their individual activity and consequent 
metabolism. Life for them is the antithesis of the feverish activity 
of surface forms, and will be until the next great geologic revolution 
puts a period to their existence. 
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CHARTER Sexy 
DESERT ADAPTATION 


Characteristics of the Desert.—The popular conception of a 
desert is of a vast level stretch of drifting sand, devoid of vegeta- 
tion except in the rare oases, and peopled by camels and the more 
venturous of humanity—nomadic Arabs and the like. While 
certain desert areas do conform more or less closely to this descrip- 
tion, it by no means applies to all, nor is it even characteristic 
of the greater portion of the arid stretches of the earth’s surface. 
The desert does not imply sterility, but simply the possession of a 
rainless, or nearly rainless climate, where drought may be said 
to be almost continuous; for in the true desert there is no regularly 
recurring rainy season, and such rains as may fall are intermittent 
and uncertain in their character. Some years, even torrential 
rains may fall for a few days, as the existence of considerable num- 
bers of dry water courses, dry saline lake beds, and the marks of 
ancient torrents conclusively proves; during other years, prac- 
tically no rain may fall, indeed, in many of the principal deserts, 
according to the reports of residents inhabiting the various oases, 
it is stated that sometimes for several years in succession not a 
drop of rain has been known to occur. In tropical countries desert 
conditions prevail if the average rainfall is under 15 inches a year, 
in temperate under to inches, and only the most utter deserts 
are absolutely rainless, as, for example, the desert of Atacama in 
South America. 

Extent of the Desert.—The combined area of all of the deserts 
of the world, that is, the portion where evaporation of water is in 
excess of precipitation, and where the water courses have no out- 
lets to the sea, has been estimated at eleven and a half millions 
of square miles, or over one-fifth of the entire land area of the globe. 
Thus it will be seen that, while neither desert plants nor animals 
can exist in any adequate proportion to those of humid areas, 
they must, nevertheless, form a large and peculiarly adapted 
flora and fauna, thus constituting a problem of considerable im- 
portance. 
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DESERT LIFE 


The three great needs of every organic race are that its mem- 
bers may find food and safety and be able to continue their kind 
in future generations. This is especially true of desert forms, but 
the conditions are such that two necessities stand out in marked 
contrast with the others. These are moisture-getting and moisture- 
conservation, and defense against both the physical and organic 
environments. The struggle for existence is exceedingly severe 
and the weeding out of the unfit ruthless. 


Moisture-getting 


The securing of an adequate supply of moisture is the prime 
requisite of desert forms, for, as we have seen, its scarcity is the 
one unvarying characteristic of the desert. Water therefore must 
not only be obtained by diverse means, but also effectively con- 
served. 

Plants.—Even where the surface sands are dry and burning 
there may be available ground waters, therefore many plants 
send down deep exploring roots which seek and find the subter- 
ranean water supply. Among such plants is the date palm (Phenix 
dactylifera) which flourishes only where its roots have access to 
water. Along the banks of the Nile where the eroding action of 
the river has bared the roots of the palms, they may be seen going 
to a very great depth until they reach the water-bearing strata. 
Thus the presence of the date palm either implies subsoil water 
or that it is watered artificially from a well, as rain may seriously 
injure it. “In the land where rain seldom falls and where an in- 
candescent sun daily pours down its fiery beams, out of a sky in 
which a cloud is rarely seen, the date tree finds its most congenial 
home”’ (Madden). 

In the Sonoran desert of our Southwest, the most characteristic 
tree is the mesquite (Prosopis juliflora) and here again the roots 
are of great length, sometimes penetrating to water-bearing strata 
at a depth of 50 to 75 feet, although only under exceptional con- 
ditions does the tree itself reach 20 to 40 feet in height. 

Moisture suspended in the air and which, while it may form 
dew, is not actually precipitated in the form of rain, must be ren- 
dered available, and this may be brought about by one of two 
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ways, possibly by the deliquescence of the salty encrustation so 
characteristic of desert plants or by the mechanical collection of dew 
by the hairs which bedeck their surface. In either case, the water 
instead of evaporating back into the atmosphere may be largely 
absorbed by the plant. The saline coat and the pubescence are 
therefore hygroscopic (having the property of readily imbibing 
moisture from the atmosphere) in their effect. Whether or not 
the plant can utilize the moisture thus collected is, however, open 
to question. 

Animals.—With the animals almost the sole source lies in the 
juices of the food, whether plant sap or the blood of prey. Many 
creatures have learned to depend on such a source entirely and have 
abandoned the ordinary means of quenching the thirst by drinking 
water even when, as occasionally happens, it becomes available. 
To what extent the skin may have the hygroscopic power is not 
recorded, but Willey discovered that the moloch (Moloch horridus, 
Fig. 98), a highly spinescent lizard which lives in the sandy deserts 
of Australia, absorbed water like blotting paper when a live speci- 
men was put into it. 


Moisture Conservation 


Plants.—The first method of water conservation is by means of 
reservoirs. Of these Van Dyke says: ‘The storage reservoir be- 
low ground is not an unusual method of supplying water to the 
plant. Many of the desert growths have it. Perhaps the most 
notable example of it is the wild gourd. This is little more than an 
enormous tap root that spreads out turnip-shaped and is in size 
often as large around as a man’s body. It holds water in its pulpy 
mass for months at a time, and while almost everything above 
ground is parched and dying, the vines and leaves of the gourd, fed 
from the reservoir below, will go on growing and the flowers continue 
blooming with unruffled serenity. In the Sonora desert there is a 
cactus or a bush (its name I have never heard) growing from a 
root that looks almost like a hornet’s nest. This root is half-wood, 
half-vegetable, and is again a water reservoir like the root of the 
gourd.” 

The cacti (see Pl. V) contain large masses of watery pulp in their 
stems, the water being renewed during each humid season. Some 
of these, like the giant saguaro (Cereus giganteus) and the still more 
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gigantic saguesa (Cereus pringleii), consist of huge, fluted columns, 
the first from a foot to a yard in diameter and ro to 60 feet in height, 
sometimes single, again branching like a candelabrum. The latter 
consists of from three to ten such columns rising from a single root. 
These have woody skeletons like vertical ribs corresponding to the 
flutings of the column and supporting the pulpy mass. 

The barrel cactus affords an easily obtained supply of drinkable 
water for the thirsty Indians of the Sonoran desert. The water is 
secured by cutting off the top of the cactus and then mashing the 
pulp with a stick. It may then be squeezed with the hands, the 
plant tissue thrown away, and the moisture remains behind in 
the cavity thus formed. From the agave or “century plant” 
(maguey) of Mexico the sap is obtained by tapping the plant in 
the center of the crown of leaves. This is allowed to ferment and 
forms the Mexican national beverage, “‘pulque.” 

A thickened bark to hold water is found on many trees like the 
sangre-de-dragon and torote (Jatropha spp.) which are also pro- 
tected from loss by evaporation by a glazed or varnished surface. 
If a tree be wounded the sap flows, thickens to a varnish, and 
heals the cut. 

Animals.—Water storage in animals has not been extensively 
investigated, except perhaps in the camel, in which the rumen or 
first division of the stomach has developed in its walls what are 
known as water cells. These are cavities with a narrow mouth 
which can be closed by a sphincter muscle, acting like the draw- 
string of a bag. When the beast drinks, not only is the stomach 
filled, but these water cells as well. The water contained in the 
stomach is of course at once absorbed into the circulation and 
distributed, but the stored water is later doled out to the stomach 
and thence to the blood through the relaxation of the sphincter 
muscles. Hence the camel can travel from oasis to oasis with 
comparative ease, but Lord Wolseley’s Soldier’s Pocket Book tells 
us that when worked for three days without water, a camel’s con- 
dition runs down rapidly, and after long journeys of five or six days 
without water, it requires several days to regain its strength, while 
if it is allowed to go down below a certain point, it will take weeks, 
perhaps months, to pick up again, and if it is old it may never 
recover (Madden). 

Avoidance of Evaporation.—Plants avoid loss of water princi- 
pally by leaflessness. No desert shrub or tree is large-leaved, and 


Pirate V.—A, giant cactus, saguaro, Cereus giganteus, in the desert west 
of Zapotitlan, Puebla, Mexico. B, cactus forms at the head of San Juan 
Ryan barranca, Puebla, Mexico. (Photographs by Professor Charles 
Schuchert.) 
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with most the leaves are either very small or, as in the case of the 
cacti, entirely absent, the thickened stems serving such respiratory 
function as is absolutely necessary. Where leaves occur they either 
fall off at once with the coming of drought or fold themselves so as 
to present the smallest possible surface for evaporation, or they may 
hang edgewise to the sun. 

The form of the plant is also such as to offer the least surface in 
proportion to the bulk. To be ideal this form should be spherical, 
which is of course hardly possible, nevertheless a robust cylindrical 
shape with a hemispherical termination is common and some cacti 
are reduced to the hemisphere alone, which, with its armament of 
spines, looks not unlike a well stocked pincushion. The cylindrical 
form intercepts more sunlight when the sun is low and the light 
proportionately weak;as the sun rises and gains in strength, how- 
ever, less and less is received by the cylindrical sides until a condi- 
tion of total reflection is reached. The relatively small hemispheri- 
cal summit will now give the plant a very material advantage over 
the cactus whose bulk is entirely contained within the hemisphere. 
The fluting of the surface which often occurs is of course opposed 
to the principle of surface reduction, but is doubtless a mechanical 
necessity for stiffening a tall column with little internal strength. 

The hairiness which has already been mentioned as a mechanical 
aid to moisture-getting is also of conservation value, as it resists 
transpiration by day as well as collecting dew by night; and the 
varnishing or waxiness so characteristic of desert plants has the 
same economic function of conserving moisture. It also reflects 
sunlight, giving total reflection when rays are slanting. 

Animals conserve water by being non-perspiring, for while per- 
spiration may have a physiologic value, not only to aid in ridding 
the body of some effete waste, but also, through its evaporation, 
in keeping the body cool, these benefits are offset by the ill effect 
of the loss of moisture from the system where water is scarce and 
precious. Practically non-perspiring mammals are thus a response 
to arid adaptation. 


Defense 


Plants.—The first defensive need of the plants is anchorage 
against the almost continually blowing winds, and the same tap- 
roots which serve so admirably for water-getting also aid in secur- 
ing the plant in the place where it would grow. ‘The so-called 
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Russian thistle (Salsola tragus), which is a widespread and trouble- 
some weed in many parts of the central and western states, is firmly 
anchored until its growth is accomplished and it has ripened its 
seeds, then, loosening its hold, it is driven before the wind and so 
scatters its seed far and wide. It is said to have been brought into 
Canada by the Russian immigrants with their wheat, but now its 
own migratory powers have spread it far beyond its older limita- 
tions. . 

Spinescence, which is a very prevalent characteristic of desert 
plants, doubtless serves very adequately the purpose of defense, 
although it may also admit of another explanation, for spines tend 
to diminish as humidity increases and increase where it diminishes. 
But the numbers of grazing animals against whose depredations 
the spines are thought to be effective diminish in direct proportion 
to the increase in aridity and hence where spinescence is most 
highly developed. This would seem to weigh against the belief 
that such structures are the result of adaptation for defense. 
Nevertheless, as Van Dyke says: 

“The sahuaro, the bisnaga, the cholla, and the pan-cake lobed 
prickly pear would have a short life and not a merry one if they 
were left to the mercy of the desert prowler. As it is they are 
sometimes sadly worried about their roots by rabbits and in their 
lobes by the deer. It seems almost incredible but is not the less a 
fact, that deer and desert cattle will eat the cholla—fruit, stem, 
and trunk—though it bristles with spines that will draw blood 
from the human hand at the slightest touch. 

“Nature knows very well that the attack will come and so she 
provides her plants with various different defenses. The most 
common weapon which she gives them is the spine or thorn. Al- 
most everything that grows has it and its different forms are many. 
They are all of them sharp as a needle and some of them have saw 
edges that rip anything with which they come in contact. The 
grasses, and those plants akin to them like the yucca and the 
maguey, are often both saw-edged and spine-pointed. All cacti 
have thorns, some straight, some barbed like a harpoon, some 
curved like a hook. There are chollas that have a sheath covering 
the thorn—a scabbard to the sword—and when anything pushes 
against it the sheath is left sticking in the wound. The different 
forms of the bisnaga are little more than vegetable porcupines. 
They bristle with quills or have hook-shaped thorns that catch 
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and hold the intruder. The sahuaro has not so many spines, but 
they are so arranged that you can hardly strike the cylinder with- 
out striking the thorns.” 

Of the chemical characteristics which serve the plants for defense, 
the first to assail one’s senses is the strong aromatic character of 
desert vegetation. Both odors and tastes are very pronounced and 
serve to prevent the plant from being eaten just as the spinescence 
does. A notable instance is the very characteristic sage brush of 
the western plains which no animal will eat except the jack-rabbit 
and no bird except the sage hen, and the flesh of each is so thor- 
oughly impregnated by the sage that no human being will eat either 
of them if any other food is available. Neither the rabbit nor the 
chicken will eat the sage during their first summer and then the 
flesh of each is most palatable. The greasewood is another dis- 
agreeable tasting plant with sticky varnished leaves which nothing 
will eat, and the sangre-de-dragon has a blood-red sap which is so 
powerfully astringent that the Indians use it to cauterize bullet 
wounds. 

Thus, aside from being disagreeable to the taste and smell, 
many plants are actually poisonous, ‘some cathartic, others emetic 
in their effects, while one, the loco weed (Astragalus hornii) produces 
symptoms in domestic stock comparable to insanity, hence the 
term “locoed”’ as applied to one mentally deranged (Span. loco, 
insane). Horses and cattle will not touch the loco plant for the 
first time voluntarily, but as with many other forms of narcotic, 
the habit accidentally acquired is almost impossible to break. 

It would seem again as though these chemical characteristics 
were of great defensive value, and doubtless they are; but whether 
that is a sufficient cause for their being what they are, or whether 
it is due to desert conditions regardless of the presence of devour- 
ing animals is not quite so clear. The aromatic character is so 
prevalent among desert plants, whether used as food or not, that 
it leads one to question whether or no defense is a prime cause in the 
evolution of this, characteristic. The gazelle, one of the most 
admirably adapted of desert animals, is confined to tufts of wiry 
grass and a few dwarf and strongly scented aromatic herbs for food. 
That these agree with it is attested by the fact that the number of 
gazelles in some parts of the Arabian desert is extraordinary and 
vast herds have occasionally been met with. 

Another-conception of the origin of the chemical characteristics 
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of desert plants is that they are merely a response to aridity. It 
is well known that saline lakes are characteristic of arid climates, 
and to the geologist the presence of beds of salt or gypsum or other 
alkaline substances is indicative of desert conditions in bygone 
times. These salt lakes are thus described by Pirsson: Part of the 
river’s burden “consists of various salts in solution and such salts 
are carried by all streams, even if, in a given volume, the water 
appears so fresh that they can only be detected by chemical means. 
In ordinary rivers these salts are discharged into the sea, but in 
interior drainages [7. e., such as end in evaporation] since they 
cannot be dissipated by evaporation like the water, they must 
constantly accumulate at the point where the drainage ends. 

“Tf the river ends by dwindling, its lower part finishes in a 
stretch covered with salt deposits, sometimes in wet seasons con- 
verted into a salt marsh or shallow salt lake, and known as a salina. 
Examples of these are found in the Tarim River which ends in the 
desert of Gobi in central Asia, in the Desaguedero River which 
carries the drainage from Lake Titicaca in Bolivia, and in many 
other places. But if the end of the drainage system is a lake the 
latter is bound in time to become salt through the concentration 
of these substances, and such salt lakes are features of arid or 
desert regions in all the continents.” Examples are the Dead Sea 
in Palestine, Lakes Baikal and Balkash and the Aral Sea in Siberia, 
and in North America the Great Salt Lake in Utah, Pyramid Lake 
and others in Nevada, and Mono Lake in California. 

The idea has been expressed that the chemicals which impregnate 
desert plants may have an analogous source—water more or less 
laden with these salts is drawn from below by the roots and, being 
dissipated ultimately into the air by evaporation, leaves the sub- 
stances behind as a residue which may in turn be elaborated by the 
plant into the characteristic aromatic or saline chemical. If this 
be true, it would account for these characteristics without invoking 
the need of defense, but one would expect to find, as in the case of 
thorny growths, a lessening of the chemical attributes as one 
passes from the arid to a more humid region. 

Animals.—Against physical conditions the animal must find 
means of protection and the first of these conditions is that of the 
temperature extremes so charactenistic of arid climates, for while 
moisture in the atmosphere is transparent to light, it is opaque to 
heat. Hence where the air is laden with water—either diffused 
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or in the form of clouds—not only does less solar heat penetrate to 
the ground during the day but less is radiated into space during 
the night. Therefore some of the highest temperatures recorded 
are not under the equator where it is humid but-in northern 
Africa and in Asia Minor where dryness prevails. Solimos in his 
Desert Life informs us that the “‘sand temperature one day marked 
140° Fahr.—temperatures of 170° Fahr. were also found near Jaffa, 
and Duveyrier found the Sahara one day over 182° Fahrenheit.’ 
But these would probably be sun temperatures. On other occa- 
sions he tells us ‘ Matches were lit by touching the sand with them. 
Blankets drawn over one another or even slightly shifted, blazed 
up like sheet lightning. The heat was 109° Fahr. among clothes 
in a trunk, and 111° Fahr. in the wind: combs, vulcanite, bone or 
horn, became brittle and useless.’’’ Again, the German traveler, 
Doctor Barth, after describing the great heat of the desert in south- 
ern Tripoli, mentioned that the guide of the Arab caravan begged 
him to beware of the cold during the night, which he represented as 
very intense, and it is a fact well known to all travelers that though 
the heat in the Sahara is often very extreme by day, the nights are 
uniformly cold, when the hot wind does not blow (Madden). 

Thus the desert animal, unprovided as he is with additional 
garments, must seek out “the shadow of a great rock in a weary 
land ” by day or if none be available he must burrow and thus 
escape the extremes of heat and cold. 

Defense against the ubiquitous sand is a prime need, for sand as- 
sails three vulnerable portions of the creature’s economy—the eyes, 
ears and nostrils. Deserticolous reptiles, among other marked adap- 
tations, have these vital organs protected as follows: “In the digging 
species the nostrils are directed upwards instead of forwards; in 
most of the snakes they are protected by complicated valves, or 
they are reduced to small pinholes. The eyes of Typhlops [a bur- 
rowing desert snake] are overhung by the head-shields. In Agama 
and Phrynocephalus [lizards] the margins of the lids are broadened 
into plates and are furnished with peculiar scales. In Teratoscincus 
the upper lid is enlarged. The lizard Mabuia has the lower lid en- 
larged, with a transparent window in it, so that the eye can be 
closed without impeding sight, an arrangement carried to the 
extreme in Ablepharus [wherein the lower eyelid is transformed into 
a transparent cover, which is fused with the rim of the reduced 
upper lid, exactly as in the Lacertine genus Ophiops]. The ear- 
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opening is either small, or protected by fringes of scales, or it is 
abolished, e. g., in Phrynocephalus” (Gadow). 

The camel again shows its desert adaptation in the large eyes, 
necessary for an animal which relies so much upon vision for 
security, but they are guarded by long, abundant eyelashes, and 
the proud carriage of the head, seen also’in the desert ostrich, 
brings the eyes as far as possible above the sand—g feet in the 
camel, 7 in the bird. This is also a response to the reflected heat 
of the blistering sand 
and rocks. The cam- 
el’s nostrils are capa- 
ble of being closed 
like eyelids, and the 
apertures of the ears 
are protected by hair. 

The saiga antelope 
(Saiga tartarica, Fig. 
97) is a typical desert 
form found fossil 
(Pleistocene) in Eng- 
land but now confined 
to eastern Europe and 
western Asia. This 
peculiar beast has a large and much inflated nose, the two nos- 
trils being widely separated and very short and the narial apertures 
of the skull placed very far back like those of certain extinct types 
(Macrauchenia or Hippidion, see Fig. 226). This whole device is 
for the exclusion of sand from the breathing apparatus while the 
animal is grazing. 

Coloration is the first and perhaps the most conspicuous of the 
adaptations which furnish protection against other animals. No 
greens are seen among desert creatures, but they are generally 
sympathetically tinted—gray, brown, or red, harmonizing with the 
color of the sand or rock. Sometimes the same species will show 
double color adaptation to suit local conditions. Thus the gazelle, 
Madden tells us, “furnishes a conspicuous and very beautiful 
example, so closely do their coats resemble the general coloring of 
the landscape [white on sand, dark grey on volcanic rock] that in the 
distance, and when at rest, it is scarcely possible to distinguish them 
from the surrounding sand and stones.”’ Van Dyke says of the 


Fic. 97.—Saiga antelope, Saiga tartarica. (After Geikie.) 
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coyote: “He is cunning enough to know . . . that you cannot see 
him on a desert background as long as he does not move; so he sits 
still at times for many minutes, watching you from some little 
knoll. As long as he is motionless your eyes pass over him as a 
patch of sand or a weathered rock.” 

Warning coloration is often seen in the desert, and as a rule it is 
not merely the mimicry of a dangerous form but the actual livery 
of one which should not be molested if the assailant would escape 
unscathed, for venomous spiders and insects and reptiles are com- 


Fic. 98.—Spiny lizard, Moloch horridus. (After Gadow.) 


mon. Here for instance is found the conspicuous yellow and black 
Gila monster, the only lizard with poison fangs; and conspicuously 
marked wasps, while not, perhaps, actually dangerous to humanity, 
are to the creatures with which they compete. 

Hard sutface and spinescence are as characteristic of desert in- 
sects and some reptiles as they are of desert plants. The moloch 
(Fig. 98) with the thirsty skin which has been described is covered 
with thorn-like scales, and the horned toad is a conspicuous Amer- 
ican instance of spinescence. Here, as with the plants, the spines- 
cence loses its intensity of development as one passes into the more 
humid regions, for while in the horned toads of the Southwest the 
horns at the back of the head are long and prominent, in those of 
Wyoming and Nebraska they are much less conspicuous. 

Venom has already been referred to as a desert attribute. Van 
Dyke again sums the matter up most admirably, although he 
speaks of more than the reptiles with which he introduces his re- 
mark. He says of them: 

“They are given the most deadly weapon of defense of all— 
poison. Almost all of the reptiles have poison about them in fang 
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or sting. We are accustomed to label them ‘poisonous’ or ‘not 
poisonous,’ as they kill or do not kill a human being; but that is not 
the proper criterion by which to judge. The bite of the trap-door 
spider will not seriously affect a man, but it will kill a lizard in a 
few minutes. In proportion to his size the common red ant of the 
desert is more poisonous than the rattlesnake. It is reiterated with, 
much positiveness that a swarm of these ants have been known 
to kill men. There is, however, only one reptile on the desert that 
humanity need greatly fear on account of his poison and that is the 
rattlesnake. ... The rattle is indescribable, but a person will 
know it the first time he hears it. It is something between 
a buzz and a burr, and can cause a cold perspiration in a minute 
fraction of time. . . . Every animal on the desert knows just how 
venomous is that poison. Even your dog knows it by instinct. He 
may shake and kill garter-snakes, but he will not touch the 
rattlesnake. 

“All of the spider family are poisonous and you can find almost 
every one of them on the desert. The most sharp-witted of the 
family is the trap-door spider—the name coming from the door 
which he hinges and fastens over the entrance of his hole in the 
ground. The tarantula is simply an overgrown spider, very heavy 
in weight, and inclined to be slow and stupid in action. He is a 
ferocious-looking wretch and has a ferocious bite. It makes an 
ugly wound and is deadly enough to small animals. The scorpion 
has the reputation of being very venomous; but his sting on the 
hand amounts to little more than that of an ordinary wasp. Nor 
is the long-bodied, many-legged, rather graceful centipede so great 
a poison-carrier as has been alleged. They are all of them poison- 
ous, but in varying degrees.” 

The skunk of the Southwest is greatly feared by the natives as 
its bite is supposed to produce skunk hydrophobia. In reality, 
however, it is blood-poisoning that results from the bite, for the 
skunk feeds on carrion and its teeth, defiled with the remains of its 
last meal, inject some of the putrescent material into the wound 
caused by its bite. It is probable that in many of the desert crea- 
tures the dangerous reputation is altogether undeserved. The 
native cook of a certain Yale expedition to the Southwest had the 
entire personnel in terror of its life from the only arachnid which 
does not possess poison fangs! 

Speed, as we have seen, is a characteristic of the dwellers in 


DESERT ADAPTATION 405 


arid climates, for they have to travel far and wide for food and 
drink or to pursue or evade pursuit as the case may be. There is 
so little cover and the creature in motion can be seen so far that 
speed becomes a prime requisite in many unrelated types. Many 
of the lizards are so swift that the eye loses sight of them as they 
dart from rock to rock, and some run on the hind limbs for greater 
rapidity. Some birds, as the ostrich or the road runner or chapar- 
ral cock of the Southwest, are noted for their speed. The gazelle, 
wild ass, and camel again are great travelers, while a desert jack- 
rabbit finds his match only in a greyhound—an ordinary wolf or 
coyote will not attempt to chase him, for they realize the hopeless- 
ness of it. The western antelope, Antilocapra, even with a limb 
shot from under him, has been known to outdistance a horse, and 
with all four limbs the run is so easy and so deceptive that a gunner 
almost always underestimates the speed and places his bullet 
behind the fleeting game. Even the domestic cattle on the western 
ranges have an ease and speed in running which is a revelation to 
an easterner. 

This speed shows itself in the slender form, long limbs, and often 
in the sand-adapted feet of the desert wayfarer. Those of the 
camel, with the broad, yielding pad and secondary retrogression 
from unguligrade to digitigrade, are splendidly fitted to the yield- 
ing sands. Of the desert lizards; Eremias has very large crural 
(shank) shields; Scapteira has the digits broadened out into shovels; 
others, e. g., Phrynocephalus and Teratoscincus, have long lateral 
fringes on the digits, a very rare arrangement among geckoes, 
occurring elsewhere among them only in Péenopus and Stenodactylus, 
which are likewise inhabitants of the desert (Gadow). 

The senses of sight, hearing, and smell are highly developed as 
contrasted with those in forest-dwelling forms, for instance, whose 
vision is notoriously dull even though hearing and smell may be 
acute enough. Sometimes about all one can see of a desert rabbit, 
frozen into immobility through fright, are the large, clear, watchful 
eyes which never seem to close. 

Intelligence is also a desert characteristic, especially among 
defenseless, that is, non-venomous forms, for the Gila monster 
seems to be superlatively stupid while the others must match 
their wits aswell as length of limb if they would survive. 

As we shall see in later chapters, the widespread desert and 
semi-desert conditions which have occurred from time to time in 
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the geologic past have been of prime importance as evolutionary 
stimuli, and have given rise to some of the most momentous changes 
in organic life. 


Colonial Life 


The plant life of the desert is not evenly spread as in humid re- 
gions, but is in scattered, discontinuous colonies with long stretches 
of verdureless sand in between. Moreover, these communities are 
composed of several species, not only of one, for while the inter- 
specific struggle in the desert is intense, that against a relentless 
physical environment is more so, so that codperation becomes 
of greater moment than exclusive self-advancement. McGee 
says: 

“The various plants of the [Seri] district, including those of the 
distinctive types, are communal or commensal, both among them- 
selves and with animals, to a remarkable degree; for their common 
strife against the hard physical environment has forced them into 
codperation for mutual support. The tufts or clusters in which 
the vegetation is arranged express the solidarity of life in the 
province; commonly each cluster is a vital colony, made up 
of plants of various genera and orders; and forming a home for 
animal life also of different genera and orders; and, although 
measurably inimical, these various organisms are so far inter- 
dependent that none could survive without the codperation of 
the others.” 

The origin of the communities has been well summed up by 
Van Dyke: “ Mesquite springs up on the plain, birds nest in the 
branches, drop seeds of cacti some of which like vines cannot stand 
alone, armature of cacti and mesquite combine for protection. 
Windblown grass seeds lodge about the roots and grasses grow 
and seed beneath the shelter of the branches. Small mammals 
seek some protection and dig holes among the roots, making chan- 
nels for rain and fertilizing the spot with rejectamenta. Annual 
and semiannual plants take root in the sheltered and fertilized soil 
beneath the cacti and mesquite and in season the place becomes a. 
miniature garden of foliage and bloomage. Then come certain 
ants for seeds, flies and wasps for nectar, and birds nest in the 
branches. Such communities dot the vast plains, intermediate 
stretches are practically lifeless.” 
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Origin of Desert Life 


The desert floras are all local adaptations of migrants from more 
humid regions, except the cacti and torotes, which seem to be the 
products of aridity, since neither is represented in the flora of humid 
regions. Of the animals, all are forms whose range is greater than 
the desert limitations; nevertheless some of them, like the camels, 
are so perfect and ancient an adaptation to desert life that when, 
during the Miocene, we find the first indications of retrogression 
of the feet (see Chapter XXXVI) we can safely infer the beginning 
of aridity if we have no other evidence. A few animals are desert- 
adapted, others may be merely temporary migrants desertward, 
returning to more salubrious places from time to time. Many of 
these latter creatures go to the desert during its periods of fertility 
and the numbers of species which have been noticed as occasional 
visitors is very large; but as the waters dry up and the vegetation 
begins to wither, these take their departure in common with the 
desert nomads and their flocks; of whom a regular exodus then 
begins (Madden). 


Summary 


The adaptations of desert animals and plants, while in many 
instances wonderful in their detail and of the utmost importance 
in the struggle for existence, are largely, as in the cave, the result of 
response to unfavorable conditions—not of course to darkness, so 
that degeneracy other than the loss of leaves rarely occurs, but to 
extremes of temperature and to thirst and hunger. The fact that 
so many of the seeming desert characteristics lose their extreme of 
development as aridity diminishes is evidence for this. The plant 
adjusts itself to, the animal flies from, and the man modifies the 
desert conditions—for a time—but all the intelligence and engineer- 
ing science he has brought into the combat only prevail for a while, 
as the ruins of ancient cities in central and western Asia attest. 
For man’s conquest of the desert is like his so-called command of 
the sea—which tolerates him and his mightiest creations during her 
more complacent moods, then storm and ice and fog combine and 
the proud fabric which he boastfully calls 7itanic perishes. Man 
for a brief space may dominate the desert, but sooner or later the 
desert will claim its own. 
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SECTION 3. PALEONTOLOGY 
CHAPTER OSV 
Fossits: THEIR NATURE AND INTERPRETATION 


The term fossil is thus defined in the Encyclopedia Britannica: 
“(L. fossilis, from fodere, to dig up.) Since the time of Lamarck 
reserved to include only the remains or traces of plants and animals, 
preserved in any natural formation whether hard rock or superficial 
deposit, not only petrified structures of organisms but whatever 
was directly connected with or produced by these organisms.”’ 

In general, the idea of antiquity is associated with our conception 
of a fossil, as for instance in that of Barnard, whose definition reads: 
“The remains of animals and plants which have existed on the 
earth in epochs anterior to the present and which are buried in the 
earth.” By Geikie, however, the idea of antiquity is not necessarily 
included, for his notion of the term embraces “‘the bones of a sheep 
buried under gravel and sill by a modern flood,” as well as ‘the 
obscure crystalline trace of a coral in ancient masses of limestone.” 
The idea of burial, however, by some natural agency, either by 
water- or wind-borne sediments or by being engulfed in bog or 
quicksand, is always implied. 


Nature of Fossils 


To many the term fossil implies a petrifaction—literally a turn- 
ing to stone—and while in many instances the gradual addition to 
or replacement of the organic material by some mineral substance 
has occurred, that is not always the case, so the student has come to 
recognize several sorts of relics and to group them under the fol- 
lowing heads. 

Actual Preservation Intact.—In nature’s cold storage ware- 
house, notably in the arctic tundras of Siberia, frozen either in the 
paleocrystic ice or in the soil itself, are found animal remains with 
more or less of the original substance intact. How many such re- 
mains have been found is Goubtless unrecorded, as they were in more 
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than one instance swept away by the waters as the ice broke up, or 
were devoured by dogs and wolves, possibly by the natives them- 
selves though the latter regard such apparitions with superstitious 
terror. Of the two most remarkable of these specimens the first was 
found frozen in clear ice in the Lena delta in 1799 and secured in 
1806, and the skeleton, now mounted in the museum of the Petro- 
grad Academy, has remains of the hide still adhering to the skull 
and feet. A century later, in 1901, the second specimen (see Pl. VI) 
was found at Beresovka, Siberia, 800 miles west of Bering Strait 
and 60 miles north of the Arctic Circle. This creature evidently 
slipped into a natural pitfall of some sort, possibly an ice crevasse 
covered with soil and vegetation. A fractured hip and fore limb, 
a great mass of clotted blood in the chest, and unswallowed grass 
between the clenched teeth all point to the violence and suddenness 
of its passing. Almost all of the animal was preserved, though the 
hair of the back had disappeared and the trunk had been eaten off 
by dogs before the specimen was discovered. The mounted skin in 
the posture in which it was found, with the skeleton in walking 
attitude beside it, together with various soft parts preserved in 
spirits, are also to be seen in the Petrograd Museum. 

Remains of mammoths have likewise been found in Alaska, but 
thus far no even approximately complete specimens have been se- ~ 
cured. 

The woolly rhinoceros (Rhinoceros tichorhinus) has also been 
found frozen in the ice, but the greater part of the carcass was swept 
away by the water and irrevocably lost. Skulls, however, have 
been often found, some sfill more or less covered by the skin. 

Another though rare means of preserval of the approximately 
complete animal was shown by the discovery in 1907 of the remains 
of a prehistoric rhinoceros, unearthed at Bohorodczany in eastern 
Galicia, Austrian Poland. Here are extensive oil and wax mines 
near which the creature was found at the depth of about 6 feet 
below the surface. The head, nasal horn, one of the fore legs, and 
a large portion of the skin had been preserved in the oil-impregnated 
soil. We are told that a nearly complete mammoth had been found 
previously in the same place. 

A third means of preservation of the entire animal is in amber, 
a fossil resin from pines, especially Picea succinifera. These res- 
ins, which when first exuded are sufficiently soft to engulf a fragile 
insect, later through the evaporation of the more volatile portions 
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Fic. 99.—Insects preserved in amber. A, bug; B, aphid; C, caddice-fly; D, 
may-fly. (After Neumayr.) 


become hardened and finally change to amber without the slightest 
injury to the most delicate details of insect anatomy. About two 
thousand species, chiefly of insects, but also of crustaceans and 
spiders, are thus preserved in these Oligocene ambers, as well as 
over one hundred species of dicotyledonous plants. The so-called 
“Baltic amber”’ deposits are found about Konigsberg, along the 
Baltic coast of Samland, Germany (see Fig. 99). 
Petrifaction.—As a rule, however, when more or less of the origi- 
nal material is preserved, it has undergone a certain mineralization 
to which the term petrifaction is applied. Naturally the degree of 
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mineralization varies, but is usually greater the older the fossil 
in time. The parts thus preserved are almost invariably woody 
tissue or the hard parts of the animal’s anatomy—bones, teeth, or 
shell. Petrifaction implies interstitial addition or an extremely 
gradual replacement, molecule for molecule, as the original sub- 
stance is lost through disintegration. The resultant fossil retains, 
therefore, not only the external form but the histologic characters 
(histometabasis, Gr. tatds, tissue, and petaBaats, exchange) of 
the original structure as well. Next to the rare preservals by cold 
or amber, the petrifaction is the most valuable in recompense for 
careful study. The elaborate exposition of the structure of the 
fossil cycads by Wieland is based upon this type of preservation, 
for while in almost every instance in a very large series of specimens 
the trunk only is preserved, it has been possible by drilling out a 
cylindrical portion where the buds occur and by cutting it into 
thin microsections in several planes to reconstruct with entire 
accuracy the foliage and flowers of the plant (see Pl. VII). 

While the term histometabasis is usually applied to plant tissues, 
the more perishable soft parts of the vertebrates are, however, 
occasionally preserved. In one striking instance 
described by Bashford Dean the muscle fiber and 
kidney structure are in a state of admirable con- 
servation in an ancient Devonian shark (Cla- 
doselache) from the Cleveland shale of Ohio. 
Microsections of the muscle tissue magnified one 
thousand diameters show very clearly not only 

: the clean-cut character of the individual muscle 

Fic. 10o.—Pseudo- fibers, but the cross striation so characteristic of 
morph, in which the : 
original lime of the the vertebrates, and in one or two places the 
Silurian chain coral, delicate membranous sheath or sarcolemma by 
eae eee which the fibers were enclosed. 
silica. (From Schu. The replacing substances may be iron pyrites, 
ane Historical iron oxide, sulphur, malachite, magnesite, silica, 

: or carbon. Woody tissue, the limy shells of 
molluscs and the calcareous skeletons of corals and certain sponges 
are apt to be replaced by silica, giving in some instances a perfect 
replica of the original in form, though not in minute structure, 
in a totally different substance, thus forming what is technically 
called a pseudomorph (see Fig. 100). There is evidence that cer- 
tain hexactinellid sponges the original substance of which was 


Prate VII—A, cycad trunk, Cycadeoidea superba, from the Comanchian 
(Lakota) of the Black Hills, South Dakota. B, section of a fossil cycad, C. 
ingens, showing molecular structure, histometabasis; a young undeveloped 
frond, showing the vascular bundles. Specimens in the Yale University Museum. 


(Courtesy of Dr. G. R. Wieland.) 
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silica have been replaced by lime, the reverse of what may happen 
in the calcareous types. 

As time goes on, the molecules of the mineralizing substance tend 
to rearrange themselves according to the laws of crystallography, 
so that first the minute structure becomes impaired, the external 
form modified and obscured, and ultimately after an inconceivable 
lapse of time all trace of the organic archetype may be lost. 

Natural Moulds.—Another group of fossils are the natural 
moulds in which neither the material nor the minute structure is 
preserved. These are formed by the hardening of the surrounding 
material in which the organism was buried, followed by the decay 
and subsequent removal of the organic material by percolating 
waters, thus leaving a cavity which retains the exact form of the 
original. In Pompeii; which may be considered a fossil city, some 
two thousand people perished in the eruption of Vesuvius in 79 A. D. 
The city was covered to a depth of many feet by volcanic ash, finely 
divided rock which drifted in through the various openings of the 
houses and buried man and beast as well as the result of man’s 
handiwork. At first when human remains were discovered, the 
bones were merely dug out and thus preserved; later it was found 
that if the cavity wherein they lay were filled with liquid plaster 
of paris the latter would, when hardened, give an admirable 
replica of the form and features of the victim. The remains of 
several people, men and women, European and Ethiopian, have 
been thus reproduced, together with a dog (see Pl. VIII) and the 
vanished doors and wooden portions of the household furniture. 

Some of the fossil vertebrates of the Connecticut valley, which 
antedate those of Pompeii by millions of years, have lost all trace 
of the original bone through the percolation of dissolving waters. 
The impression, however, still remains, by means of which a fairly 
perfect restoration of much of the skeleton may be made. 

Often these moulds are filled in with other material, so that a 
natural cast of the object is formed differing from the petrifaction 
in that it preserves the form of the organism but not its structure. 
By this means such evanescent things as jellyfishes have been pre- 
served. Again, interior cavities, as of shells or the brain chamber 
of a vertebrate skull, are filled with subsequently hardening sedi- 
ment, so that a perfect cast of long vanished soft parts is pro- 
duced. This in the case of shells is often deceptive and has led to 
some confusion and duplication of names because of the striking 
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Drawn from a slab in the Amherst 


(After Lull.) 


College Museum. Trias of Massachusetts. 


Fic. 101.—Fossil footprints, Anomepus intermedius, showing where the animal rested. 


dissimilarity of the outer and 
inner surfaces of the same shell. 
In the vertebrates, however, the 
brain replica is of the utmost 
importance, for form, size, and 
proportions of parts are all pre- 
served with absolute fidelity. 
It is, however, a cast of the 
dura mater or outer membrane 
of the brain, and while blood- 
vessels and nerve roots are often 
clearly indicated, the depth 
and complexity of the minor 
convolutions are not re- 
corded. 

Footprints and Trails.—A 
certain group of phenomena 
should be considered in this 
connection—the footprints and 
trails of vertebrates and inver- 
tebrates with their attendant 
meteorological records of rain- 
prints, ripple-marks, and mud- 
cracks caused by the drying of 
surface mud after showers. The 
footprints (Fig. ror) are of 
double interest, for not only are 
they oftentimes so well pre- 
served as to enable the student 
to trace much of the structure, 
but they sometimes give a clue 
to the proportions of the entire. 
animal, especially when to the 
impressions of the hind feet are 
added those of the hands and 
tail. Furthermore, the foot- 
prints bring before the observer 
more clearly than any other 
records of the past the indi- 
viduality of the creature, for 
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they are fossils of living beings, while all of the other relics are 
those of the dead. 

A clue to feeding habits is generally gained from the study of 
the mouth armament in comparison to that of living allies, but 
conclusions are sometimes verified and supplemented by finding 
the fossil rejectamenta in association with bones or footprints. To 
such relics the term coprolite is applied. Sometimes the unvoided 
intestinal content preserves the outline and extent of the alimentary 
canal. This is distinctly seen in several of the salamandrine forms 
preserved in Carboniferous nodules from Mazon Creek, Illinois. 


Conditions for Fossilization 


Burial is of course the first prerequisite for fossilization and it 
should be such as to exclude the air so as to prevent oxidation of 
the organism. This burial is most often effected by water-borne 
sediment, which in turn is derived from the degradation of older 
rocks. Sediment deposited in the seas and oceans is of the first im- 
portance, and as a consequence the fossil remains of creatures 
making their home in the shallower regions are by far the most 
abundant, while the deep-sea organisms are comparatively un- 
known because so little of these deposits has been elevated into 
land. The first-named deposits, especially when formed near the 
mouths of rivers, sometimes contain the remains of land or fresh- 
water animals which were swept out to sea by the stream, but such 
inclusions are purely accidental and not of common occurrence; 
in some instances, however, notably in the case of certain dinosaurs, 
they have given us the only specimens of their kind thus far dis- 
covered. 

Fresh-water deposits are largely those of river bar or delta or 
flood-plain, though ponds and lakes do add their quota. The 
great Tertiary fossil fields of the western states were formerly sup- 
posed to be the result of lake-borne sediment, but the lakes would 
have been of such vast extent that the creatures in many instances 
were found an impossible distance from the supposed shore-line, 
where burial would be ineffectually slow. The lacustrine theory 
of origin has therefore been largely abandoned in favor of the idea 
of flood-plain sediments of ancient rivers. The greater part of 
our knowledge of terrestrial vertebrates is derived from such 
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Wind-borne material in the form of loess or volcanic ash has 
yielded fossils of land-living beings, the former containing largely 
shells, while the bones of vertebrates are more often found buried 
in the latter. 

Miring.—Miring in bogs and quicksands, with its combined 
death and burial, has been a mode of preserval which has notable 
examples in the mastodons found in numbers in New York and the 
adjacent central states, and the great Irish elk whose remains are 
common in the peat bogs of Ireland. 

Perhaps the most remarkable death trap in the world is found in 
the Rancho La Brea which lies on the western border of the city 
of Los Angeles, California. The conditions there are thus de- 
scribed by Miller, after Merriam: 

“Crude asphaltic oil from the underlying Fernando shales . . . 
has been forced to the surface through cracks or chimneys in these 
folded strata to accumulate upon the surface as more or less ex- 
tensive oil pools. This heavy oil, under the influence of sun and 
wind, underwent a process of natural distillation, becoming more 
and more viscid until in the larger accumulations it was sufficiently 
tenacious to entrap and hold the largest mammals of the region, 
Elephas, Mastodon, and Paramylodon (Mylodon]. . . . Additions 
to these lenses of asphalt took place at the center as fresh oil rose 
through the chimneys from below; at the same time dust and sand 
drifted over and obscured the firmer asphalt of the margins. These 
two factors combined to bring about a most deceptive condition 
in the mass by leaving the periphery fairly firm and yet permitting 
a gradually increasing degree of plasticity toward the center with- 
out a positive demarcation of the danger zone. Upon this treacher- 
ous surface a mammal would be unaware of danger until the 
dust-covered surface yielded under his weight. His sudden start or 
his leap for safety would make all the more complete his entangle- 
TahMEs Go) 

“The entanglement of one ungulate would suffice to attract a 
multitude of carnivores. The creature probably acted not in- 
frequently as live bait for a considerable time, so that its struggles 
and outcries served to whet the appetites and overcome the 
instincts of caution in the hungry carnivore. It appears from Mer- 
riam’s studies that young animals or else old and diseased _indi- 
viduals have very frequently been thus tempted, though there 
appear animals of all ages.” 
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Subsequent Vicissitudes.— After all of the conditions for initial 
preservation have been fulfilled, the resultant fossil is subject to 
various vicissitudes as time goes on, due to pressure, elevation, fold- 
ing, and subsequent erosion of the strata, and to the slow circula- 
tion of acidulated and other waters through the rock, either from 
above or below. The latter may dissolve away shell or bone, leav- 
ing only a mould which may be subsequently obliterated, or the 
mineralized fossil may assume a crystalline structure and thus 
become unrecognizable as a relic of organic life. 

Crushing is due not alone to the tremendous weight of the super- 
posed rock, but also to the natural shrinkage of water-laid sediment 
in the subsequent drying-out process to which it is subjected. 
Notable instances of such distortion are shown in the Niobrara 
chalk of Kansas, which was laid down in a shallow inland sea to- 
ward the close of Cretaceous time. Here the bones of Pteranodon 
and other winged reptiles are crushed flat, though formerly those 
of the limbs were cylindrical, but very thin-walled. In one spec- 
imen of a mosasaur preserved in the Yale Museum the vertebra had 
originally an average length and breadth of about 80 cm.; one of 
these vertebree which lay upon the articular face has a present 
length of 21 cm., while another which lay upon its side has had its 
breadth reduced in the same ratio, about 1 : 4. 

Sometimes the fossil has been subjected to an oblique shearing 
movement which completes the distortion, and it requires the most 
judicious study to restore the organism mentally to its original 
symmetry of form. 


Field Technique 


In his search for fossil shells and plant remains one need not go 
far afield, for wherever sedimentary rocks are exposed there is a 
varying chance for success. The fossils in which the more fragile 
portions of the organism are preserved are not so often met with 
and but few areas the wide world over have thus far produced 
them. Terrestrial vertebrates are also rare as to localities, though 
often abundant within a limited area or horizon. Aside from cer- 
tain places where fossil-bearing rocks have been brought to light 
as a by-product of some commercial enterprise—mine, quarry, or 
railroad cutting—the most productive exploration has been made 
in the drier areas of the globe where soil or glacial drift does not 
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conceal the eroded rocks and where the whole geologic structure is 
unobscured by a mantle of vegetation. Thus the semi-arid portions 
of our West, of Patagonia, or of northern Africa are among the most 
favored places for field research. 

The vertebrate technique has been reduced to a science, which 
may be briefly summarized. After a judicious questioning of the 
inhabitants of a given region, which often yields much information 
of value; the prospector, acting upon the knowledge thus gained, 
begins a careful, systematic search of the exposed rock, generally 
along cliff or escarpment, or within eroded water courses. Here one 
often sees some portion of the skeleton protruding from the sand- 
stone, or the first indication may be a fragment underfoot, tech- 
nically called a lead, which one must if possible trace up the 
declivity until its original resting place is found. This may reveal 
the more or less complete skull or skeleton of a bygone type. Upon 
locating his prospect the worker then excavates the specimen with 
the utmost care, hardening it if necessary with weak shellac or a 
solution of gum arabic, which penetrates the bone and renders it 
capable of being handled where otherwise it might be too fragile 
to save. The joints which are found in all consolidated rock often 
pass through the specimen, rendering it already in fragments while 
still in its native matrix. Hence as the bone is exposed from above 
it is covered with strips of cheesecloth or burlap dipped in flour 
paste for the smaller specimens or in liquid plaster of paris for the 
larger. When these bandages have thoroughly dried the fossil is 
further excavated and the covering extended until it is so far pro- 
tected that one may completely undermine it and lift it from its 
bed. The bone is then turned over and the bandaging completed. 
In the case of a large bone or skeleton, wooden splints are included 
within the outer bandages, the process being analogous to the set- 
ting of a fractured limb by a surgeon; in fact, it was a physician 
who first adapted the surgical method to the collecting of fossils. 
Careful labeling, packing in specially constructed boxes in hay or 
straw, and transportation to the museum, which often implies a 
long haul or portage before the railroad is reached, complete the 
work of the collector. 

In the museum the preparators unpack, and by softening the 
bandages with water they are one by one removed until the fossil 
is laid bare. Then the matrix is carefully removed, the bone fur- 
ther hardened with the gum arabic solution, all fractures repaired 


FOSSILS: THEIR NATURE AND INTERPRETATION 419 


with a special cement of plaster of paris and glue, and the bone is 
ready for study. 


Significance of Fossils 


As one has said, the laws of physics are unchanging with the 
flight of time. A crystal formed a million years ago is precisely 
similar to one formed yesterday. Organisms, on the other hand, 
are not immutable, but are continually evolving into other and 
more specialized forms, though the rate of progress may be re- 
tarded or accelerated, and a given race of animals or plants may 
differ markedly from another in its plasticity. Nevertheless the 
law holds true that mineral forms are changeless, organic forms are 
altered as time goes on. Thus it comes to pass that while the nature 
of a given rock and that of its contained minerals may give no 
possible clue to its geologic age, the character of the included fossils 
indicates conclusively the time when the sediments were laid down. 
Certain types of animal or plant life are so characteristic of a cer- 
tain geologic age that the term “index fossils’”’ has been applied to 
them, and their importance in ascertaining geological chronology 
is of the first order. 

Fossils indicate the extent and boundaries of former lands and 
waters, the marine fossils showing the limits of encroaching seas, 
those of terrestrial origin the continental areas, the two combined 
defining with great nicety the ancient coast lines as interpreted by 
the expert. Further, as the isolation of contemporary marine 
faunas implies the existence of land barriers, so the appearance 
of new terrestrial animals previously unknown within the area is 
evidence of the formation of new land-bridges to serve as paths 
of migration. It was such evidences as these which enabled Pro- 
fessor Schuchert to prepare the admirable series of maps showing 
the evolution and vicissitudes of the North American continent 
and thus to raise Paleogeography to. the status of a science. 

The variation of temperature and degree of moisture is perhaps 
most clearly indicated by the fossil plants, but at the same time 
the animals do add their evidence; for instance, the increasing 
aridity in the West during the Tertiary, had we no remains of the 
flora, would be as emphatically proved by the rapid diminution 
in the number and kinds of browsing animals and the great in- 
crease of grazing forms after the beginning of the Miocene. 
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The modern camels show marvelous desert adaptations which 
include, among other details, the yielding padded foot. In most 
hoofed animals the foot bones have a keel on their lower end fitting 
into a corresponding groove in the upper end of the succeeding 
bone, thus limiting the movement to a single plane and preventing 
an undue spreading of the toes. In the modern camel these keels 
are lacking, whereas they are present in ancient camels, the time 
of whose final disappearance indicates therefore the beginning of 
desert adaptation and hence of aridity of climate. 

The study of fossils has given rise to a new branch of Zodlogy 
and Biology, and while it can not be carried to the extent of an 
experimental science, the growing wealth of knowledge which 
Paleozodlogy embraces could be studied by the laboratory biolo- 
gist with great profit. 

A student of the philosophy of history may, especially in these 
stirring times when the map of Europe is subject to rapid change, 
gain much knowledge whereupon to erect the fabric of his theories 
by his own observation of contemporary events; but for final 
proof of his deductions he turns to musty records of the bygone 
centuries wherein he may trace the evolution of nations and the 
rise and fall of empires. 

So it is with the student of evolution, concerning which a great 
deal can be learned by experimental work, by the propagation of 
domestic animals and plants, and by witnessing the wonderful 
adaptations to every possible environment on the part of the teem- 
ing hosts of living forms. But as with the human historian, the 
final proof rests upon the documentary evidence which in this 
instance Paleontology alone:can furnish. This evidence is still 
imperfect in parts, the chapters were never written in others, or 
the record has suffered grievous mutilation by the relentless hand 
of time. In places débris from the older rock with its contained 
fossils has been redeposited, confusing the record, as a palimpsest 
may show traces of former writings intermingled with the new. 
In spite of these vicissitudes the evidence is becoming more and 
more complete, and with each added link the vision of him who 
contemplates it grows ever clearer. 
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CHAPTER XXVI 
CEPHALOPODS 


Place in Nature.—Disregarding for the present the great sub- 
kingdom Protozoa, the animals followed three great evolutionary 
lines, culminating in the molluscs, the arthropods, and the verte- 
brates; of these the cephalopods represent the final goal of mol- 
luscan evolution, the insects of arthropod evolution, and the 
mammals of vertebrate evolution. Of all the invertebrate groups, 
therefore, the cephalopods and insects will prove the most in- 
structive subjects for our inquiry. 

The Cephalopoda, then, are the most highly specialized mol- 
luscs, related to the humbler, more or less sedentary bivalves, clams, 
oysters, etc., and to the somewhat more ambitious univalves, the 
snails, whelks, and periwinkles. The cephalopods themselves 
include the free-swimming squids, cuttle-fishes, octopi, argonauts, 
and nautilus, and a host of shelled forms allied to the last and 
representing a large group of which it is the:sole survivor. 

In general the cephalopods are divided into two principal sorts, 
the one aggressive, swift, well armed but not armored—an essen- 
tially modern animal; the other sluggish and heavily armored—old- 
fashioned in every sense of the word. An example of the first 
would be the squid Loligo; of the second, the pearly nautilus, 
Nautilus. An understanding of the essential structure of these 
two types is necessary. 


STRUCTURE 
Squid 


Head and Arms.—Loligo pealii, the squid, is a bilaterally sym- 
metrical animal, having a distinct head, which protrudes from 
the open end of the conical mantle enclosing the body. This is 
elongated and tapers toward what appears to be the posterior end. 
There are a pair of horizontal fins at this end which together are 
more or less rhombic. The head is embellished with a pair of large, 
well developed eyes, and bears eight long tapering arms, forming a 
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circle around the mouth. There are two additional grasping 
tentacles capable of a considerable degree of extension. The arms 
bear on their inner face rows of suckers for adhesion; on the ex- 
tensile tentacles these are borne only on the expanded tip, on the 
others, throughout practically the entire length. 

Suckers.—The suckers are goblet-shaped, each consisting of a 
shallow cup borne on a short stalk, having a membranous lip, 
within which is a narrow horny rim with a serrated margin. Within 


Fic. 102—Squid, Loligo sp., capturing a fish. (After Doflein.) 


the cup is a muscular plug or piston arising from its bottom. When 
the sucker comes in contact with any object to which the squid 
wishes to cling, the horny rim is pressed against it and the mem- 
branous lip hermetically seals the joint. Then the piston con- 
tracts, producing a partial vacuum within the cup which causes it to 
adhere very strongly through the pressure of the surrounding water. 

Mouth.—Beneath the head lies the siphon or funnel which, as 
we shall see, constitutes, together with the mantle, the principal 
organ of rapid locomotion. The mouth, which is in the center of 
the circle of arms, possesses a powerful beak, like that of a parrot 
except that the lower jaw overlaps the upper. Within the mouth 
is a muscular tongue armed with a flexible rasp-like organ, the 
radula, a structure found also in the snails. 

Mantle Cavity.—The mantle, which is derived from the body 
wall and is characteristic of all molluscs, encloses not only the 
body but a cavity of considerable extent along the under side 
almost to the apex. This, the mantle cavity, is in communication 
with the surrounding water through the free edge of the mantle 
itself; but also by means of the funnel which has already been 
mentioned and which is a tapering tube with its wider end open- 
ing into the cavity, its narrower one into the outside water. 

Within the mantle cavity are seen the respiratory organs—a 
pair of plumose gills—and it also receives the wastes from the ali- 
mentary canal, the kidneys, and other organs. The rhythmic ebb 
and flow of water from the mantle cavity carries off these wastes, 
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Fic. 103.—A, anatomy of squid, Ommastrephes illecebrosus, female: au, branchial 
auricle; d, funnel; g, gill; 4, intestine; z, ink-sac; /, liver; od, oviduct; ov, ovary; 7, renal 
organ; s, blind sac of stomach; vc, vena cava. B, jaws of squid. (After Verrill.) 
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brings fresh water for respiration, and also subserves the function 
of locomotion. 

Locomotor Organs.—Locomotion is effected in three different 
ways: either by crawling on the tentacles, by swimming forward by 
means of the fins, or, more rapidly, in a backward direction, by 
forcing a series of strong jets of water out of the mantle cavity 
through the funnel. This is accomplished by the rhythmic relaxa- 
tion of the muscular mantle, during which water flows into the 
cavity all around the neck; then the neck portion contracts so that 
the only exit is through the narrowing funnel, and a forcible con- 
traction of the entire mantle forces the water out. The fins must 
act merely as directive rudders during this backward progress, 
and the arms trail in the creature’s wake. When the extensile 
tentacles are contracted and the other arms pressed closely to- 
gether, the squid shows the same fish-like contour as other swiftly 
swimming aquatic types, with the greatest diameter about one- 
third of the length from the apex, which in rapid progression thus 
corresponds to a fish’s snout. 

Ink-sac.—One remarkable organ which has not been mentioned 
is the ink-sac (see Fig. 103), a pear-shaped body, the interior of 
which is glandular and secretes a black substance known as the 
ink or sepia which collects in the cavity of the sac. This communi- 
cates by means of a duct with the mantle cavity, so that, if the 
squid is startled, the ink is poured into the cavity, where it mingles 
with the water, forming a dense black cloud when forced into the 
surrounding water, under cover of which the creature escapes (see 
Fig. 116). 

Sense Organs.—In common with all well developed motor types, 
the sense organs and nervous system are highly evolved, and the 
latter is protected by a capsule of cartilage analogous to the verte- 
brate cranium. The eyes have been mentioned and they are splen- 
did structures comparable in their degree of perfection to those of 
the vertebrate, although of course entirely independent in their 
origin and development. Ciliated pits behind each eye are also 
the seat of a well developed special sense which has been inter- 
preted as that of smell, and in addition there are organs of equilibra- 
tion known as otocysts. These were formerly supposed to be 
organs of hearing, but such a function is entirely unproved; on the 
other hand, their removal leads to the loss of balancing control. 

Shell.—The vestigial shell is reduced to a horny or chitinous 
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body having much the shape of an old-fashioned quill pen. It lies 
along the back of the animal in a pocket-like depression in the 
mantle, and thus serves to stiffen the creature after the manner 
of an internal skeleton. 

Color.—The color of the squid is variable, owing to the develop- 
ment of chromatophores (see page 230), pigment cells which are 
capable of expansion and contraction and thereby diffuse or con- 
centrate the color as the case may be; thus flushes of different hues 
pass over the body of the animal, allowing it to conform with the 
environmental coloring. 


Nautilus 


While squid-like cephalopods are numerous, the nautilus is very 
rare, for but four species of the genus now exist, and these are all 
the living representatives of 
a formerly large and domi- 
nant race. At present the 
nautilus inhabits Oceanica 
from the Malay to the Phil- 
ippine and Fiji islands, living 
at depths varying from 300 
to 600 feet, although they 
have been taken at 1000 feet. 
They are never found at the 
surface except when dying, 
but their empty, chambered 
shells, which are very buoy- 
ant, are carried long distances 
by waves and ocean currents. 

Comparison with Squid.— 
The coiled, chambered shell, 
in the outermost portion of 
which the creature lives, is 
the most distinctive thing, 
but in still other ways the Fic. 104.—Nautilus adhering by means of its 
nautilus differs from the tentacles. (After Willey.) 
squid, for example, in having four gills instead of two, and, in the 
female, ninety tentacles instead of eight or ten. Good authorities 
have supposed that the many tentacles of the nautilus are not 
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homologous with the arms of the squid, but rather with the suckers 
which they bear. In certain squid-like forms (Acanthoteuthis 
speciosa) from the White Jura of Eichstaédt, Bavaria, the arms 
bore hook-like processes instead of suckers, which lends weight to 
this idea. The nautilus has 
an imperfect funnel in that 
the two margins of the scroll 
are not united, so that the 
organ can be unrolled and used 
for crawling. It is therefore 
in a more primitive condition. 
The eye also is much more 
primitive, for instead of being 
a highly developed optical in- 
strument, it is devoid of lenses, 
having merely a pinhole-like 
aperture to admit the rays of 
light. Such an organ does, 
however, form an image upon 
the retina, but it is indistinct 
in detail like an impressionist 
picture. The nautilus is a 

—— voracious carnivorous type, 
Fic. 1os.—Nautilus pompilius re but can not compare with 
from shell to show anatomy: €, eye; &, gills; the swift, aggressive character 
PR SSCA of the squid, for the former 
crawls over the sea-bottom or swims jerkily along, and it will 
be seen at a glance that it is not built for speed. 

Shell.—The shell is a beautiful structure formed internally of 
mother-of-pearl, overlain with a striped porcelanous layer. The 
chambers are separated by thin pearly transverse partitions known 
as septa, which the animals secrete at regular intervals after mov- 
ing forward a short distance in the living chamber. These septa 
are concave outward and are pierced by a circular aperture con- 
tinued backward into a small funnel (septal neck). Through this 
funnel and the other perforations passes a fleshy tube (siphuncle) 
arising from the rounded hinder (dorsal) aspect of the animal and 
continuing throughout all of the chambers to the tiny innermost 
one, where it is fastened to the inner side of the wall. By means 
of this siphuncle the inner chambers may be charged with a gas 
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Fic. 106.—Chambered nautilus, Nautilus pompilius, in natural position, the 
shell sectioned. a, mantle; ¢, eye; f, horny girdle for adhesion of mantle to shell; 
k, funnel; , hood; ~, protruded tentacles; s, siphuncle for communication with 
inner chambers of shell. (After Owen.) 


to render the shell more or less buoyant, so that it is not at all 
burdensome to the animal. 

In primitive forms the shell was a straight cone (Orthoceracone), 
lying in the original dorso-ventral axis of the animal; subsequently 
it became coiled (Cyrtoceracone, Gyroceracone, Nautilicone), and 
in racially old types its coils loosen and it once more becomes 
straight, with the exception of the embryonic shell, which never 
uncoils. 

Suture Line.—The septa are firmly united to the sides of the 
cone, the line of union, which is straight or curved, sometimes form- 
ing a highly complex series of infoldings. This line is called the 
suture, and is not visible from without in recent shells, but in fossils 
the outer shell is often lost and thus the sutures become plainly 
discernible. They form criteria of great taxonomic importance. 

Nautilus possesses no ink-sac. 
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CLASSIFICATION 
The following scheme will render the classification of the cephalopods clear: 


Class Cephalopoda 


Subclass I. Tetrabranchiata Subclass I]. Dibranchiata 
(4-gilled) (2-gilled) 
Shell external, a chambered cone; no Shell internal or none; ink-sac. 


ink-sac. 


Order 1. Nauti- Order 2. Am- Order 1. Octopoda Order 2. Decapoda 
loidea monoidea (8-armed). (10-armed). 

Shell primitive,with Shell progressive, Argonauta. Suborder Belem- 
simple sutures, not with complex su- Male shell-less; fe- noidea. 

highly ornamented. tures, highly orna- male with external Belemmnites. 


mented. shell. Uncham- Internal shell, par- . 
bered. tially chambered. 
Octopus. Spirula.- 
Shell-less. Internal shell 
wholly chambered. 
‘ Suborder Sepioidea. 


Internal vestigial 
shell. Sepia, cut- 
tle-fish. 

Loligo, etc., squid 
or calamary. 


The classification may be expressed diagrammatically as follows: 


Sepioidea 


Belemnoidea Ammonites 


Octopoda Nautiloidea 


Goniatites 


Mollusc, primitive 
radicle 
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Subclass Tetrabranchiata 


These are nautilus-like forms with two pairs of gills and a well 
developed shell in the form of an elongated, chambered cone which 
later becomes coiled and then, in racial old age types, uncoils 
again. In size they do not compare with the larger of the ‘di- 
branchiates, and yet certain individuals of the an- 
cient straight-shelled Exdoceras had a shell at least 
15 feet long. 

Geological History.—The tetrabranchiates, on 
account of their resistant shell, are vastly better 
known geologically than their more modern rela- 
tives, the dibranchiates, so that their evolutionary 
history as told by the shell has been worked out 
in detail. Schuchert summarizes the shell changes 
of the nautiloids thus: 

“Nautilids appeared in fair abundance in the 
Lower Ordovician. Among these the most primi- 
tive were straight, tapering cones that were circu- 
lar or oval in outline, and because there are many 
families of them they are called Orthoceracones 
(from the genus Orthoceras [Fig. 107], meaning 
straight horn). These orthocerids were common 
throughout the Paleozoic and particularly so in 
the Ordovician and Silurian. . . . With the De- 
vonian these primitive forms began to wane slowly, 
but some were still present in the Triassic. All 
other types of cephalopods had their origin in 
the straight-shelled Orthoceracones and the first 
of these had their cones slightly bent and are 
therefore called Cyrtoceracones (from Cyrtoceras, 
meaning bent horn); later descendants were coiled, ey DOr 
in a loose spiral wound in a plane and are known as ceras shell. (From 
Gyroceracones (from Gyroceras, meaning round Schuchert's Histor- 
horn); still others are tightly wound, with the ant 
whorls embracing one another more or less closely, as in Nautilus, 
and these are termed Nautilicones. On the sides of such one 
sees more or less of the inner whorls of the shells, and the area of 
these whorls is spoken of as the wmbilicus. It is small in Nautilus 
and wide or open in the Ordovician forms. The bending of the 
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tubes is due to a more rapid secretion of lime along the ventral 
side of the cone, and the greater the unequal growth, the more 
rapidly the cone involutes or rolls up.” 

The geologic record of the evolution of the Tetrabranchiates 
includes of course the two main suborders, Nau- 
tiloidea and Ammonoidea. The first were long- 
lived, ranging from Cambrian 
time until the present. They 
embraced, however, several par- 
allel phyla, but their long life is 

due in part to the fact that the 

Fic. 108 Cyrl- degree of specialization to which 
ceras shell. (From 
Schuchert’s Histori- they attained was never very 
eu Geology) great. Of the ammonoids, on the 
other hand, the reverse is true, for as their special- 
ization was high, so was their career brief and 
rocket-like—swift in its ascent, dazzling in the’ 
culmination into many beautiful and remarkable 
forms, and headlong in the descent into oblivion. 
It must be borne in mind, however, that in us- 
ing such a figure of speech we are speaking rel- 
atively, for the career of the ammonites, ex- 
tending as it did from the Devonian to the close 
of the Cretaceous, was of immense duration, as 
mortals measure time. 

Nautiloids.—The first 
undoubted cephalopod 
known is of latest Cam- 
brian age, and belongs to 
the straight-shelled Ortho- 
ceracone type which is the 
radicle of the group. En- 
doceras, the most primitive 
of orthoceran forms, pre- 


; vailed in the Ordovician, Fic. 110.— Lituites 
Fic. 109.—Gyroceras shell. byt here came in also shell. (After Zittel.) 
(After Zittel.) 


curved forms, at first sparingly, then later 
abundantly. The simple unspecialized orthoceran type survived 
throughout the entire Paleozoic, and finally disappeared near the 
end of the Trias. 
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The first of the curved forms departed little from their ancestral 
habit, but enough to give a new generic title, Cyrtoceras (Fig. 108). 
Cyrtoceras is Ordovician to Devonian in dis- 
tribution. As time went on the curving 
became more pronounced. Finally the coil 
became complete, though the successive 
whorls did not touch the preceding ones; 
this stage is called Gyroceras (Fig. 109) and 
is most commonly Silurian in age. Later 
the succeeding : 
coils began _ to 
touch and finally 


Fic. 111 —Goniatoid shell. to embrace the 
(From Schuchert’s Historical preceding, and 
Geology.) 


the culmination 
of nautiloids was reached in Nautilus 
(Fig. 106). 

When the close-coiled stage was at- 
tained the nautilian shell had reached its 
limit and could progress no farther, and 
at once some of the stock began to re- 
trograde, and uncoiling shells appeared. 
Lituites went 
through the 
orthoceran, 
cyrtoceran, 
gyroceran, / 
and nautilian Fic. 113.—Heleroceras shell. 
stages, and (From Schuchert’s Historical 

: Geology.) 
& as it became 

4 adolescent left the close coil and re- 
7 verted to the orthoceran stage (Fig. 
tro). It is of middle Ordovician age. 

The reversionary nautiloids are con- 
fined to the early and middle Paleozoic 
and did not in any case become radi- 
Buea nia. —-Eiyiloceasshel) \2* les of later groups; they had, run, their 

ter Zittel.) erietane 
course and exhausted the possibilities of 
development, and died out without descendants. The old simple 
orthoceran shell, however, held out until the Trias, and then gave 
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rise to the belemnoids, and the unspecialized nautilian shell en- 
dured until the present time, though now rapidly nearing extinction. 

Ammonoids.—The ammonoid radicle is suggested in Bactrites, 
an orthoceroid which by acceleration of development acquired a 
calcareous protoconch or embryo shell, a marginal or ventral 
siphuncle, and a small siphonal lobe. The ammonoid line began in 
the goniatoids near the opening of Devonian time; they have 
sutures bent or fluted into folds and saddles, and narrow shells, 
and it was out of this stock that the true ammonoids developed 
early in the Carboniferous. 

From the Nautilinide of the Silurian the goniatoids of the 
Devonian branched out rapidly, continued increasing and diverging 
in the later Paleozoic, and in the Mesozoic became highly specialized 
and accelerated until their final extinction at the end of Cretaceous 
time. In the Jura these ammonites reached their acme, branching 
out into very many families and subfamilies, increasing usually 
in complexity of sutures and variety of ornamentation. In the 
Cretaceous they gradually declined, dropping off one at a time 
until all were gone. 

Only a few radicles or stocks persist in the Cretaceous, but from 
time to time during this period certain genera branch off from the 
main stock, become highly specialized and often give rise to so- 
called abnormal forms, phylogerontic or degenerate genera (retro- 
gressive), which do not perpetuate their race. These change their 
close coil, becoming straight as in Baculites, ascending spiral as 
Heteroceras (Fig. 113), hook-shaped as Hamites, or open-coiled 
gyroceran as Crioceras. These do not form a natural group, but 
are themselves in some cases polyphyletic, as is apparent from 
their ontogeny; their larval stages, however, as shown. even by the 
straight Baculites, all correspond to the various normal progressive 
genera such as Lytoceras. 

The following table expresses in graphic form the evolution of the 
tetrabranchiates. 
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Recent Nautiloids 2500 spp. . 
Quaternary Nautilus living 4 spp. see ORaN BOUE ODD: 
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Subclass Dibranchiata 


The dibranchiatés may be diagnosed as follows: Active, un- 
armored cephalopods with two gills; funnel complete; ink-sac 
usually present; with eight (Octopoda) or ten (Decapoda) arms 
provided with suckers or hooks. The vestigial shell generally 
reduced and sometimes wanting, always internal. Relatively 
modern types, as none are older than the Trias. 

Belemnoids.—We can not trace the evolution of the modernized 
dibranchiate cephalopods with the same assurance as that of the 
tetrabranchiates, because of the gradually diminishing shell which 
reduces proportionately the chance for their preservation as fossils. 
Belemnoids are, however, well known and render possible an under- 
standing of the evolution of the shell. In this group, which is char- 
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acteristic of the Mesozoic, the mantle 
had become more and more external to 
the shell so that the latter came to lie 
p° within its substance. Hence the shell 
has more the character of an internal 
skeleton than of a protective armor. 
The belemnoid shell (Figs. 114, 115) is 
straight, conical, and chambered; the 
septa are close to one another and are 
perforated toward the ventral side of the 
shell by a very slender siphuncle. The 
posteriorly directed apex of the shell, the 
phragmacone (see Fig. 115), is protected 
by a calcareous sheath or guard, usually 
the only part preserved. The anterior 
wall of the last chamber is prolonged for- 
ward on the dorsal side into a broad, 
thin process, the prodstracum. Of these 
parts the phragmacone is of historical 
significance since it is clearly derivable 
from the shell of the Paleozoic ortho- 
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Fic. 114.—Belemnoid shell. 
A, guard, part commonly pre- 
served. B, entire shell: e, em- 
bryonic or first shell; p, cham- 
bered phragmacone, passing up- 
ward into the limy or chitinous 
phragmacone (ph); po, prods- 
tracum; ?¢, solid guard or ros- 
trum; cut to show phrag- 
macone. (After Steinmann, 
from Schuchert’s Historical 
Geology.) 


cerids, out of which, in the early Triassic, 
the belemnoids arose. 

The only living belemnoid is Spirwla 
whose shell (Fig. 115,D), coiled into a 
loose spiral, represents the phragmacone 
only, the rostrum having disappeared. 
Spirula is unique in being the only 
known sedentary cephalopod and inhab- 
its tropical waters at extreme depths. 


The Sepioidea, another group of 
Mesozoic dibranchiates, retained only the prodstracum and the 
completely modified remnant of the phragmacone, which combined 
to form a wide and thick but very light ‘‘bone,” consisting of deli- 
cate plates of lime separated by vertical fibers which make it very 
light and porous. These shells are characteristic of the cuttle-fish, 
which range from the Jurassic (Oxford Clay) to the present. Some 
of the Upper Jurassic forms had a cuttle-bone at least 2 feet in 
length, indicating a creature from 6 to 8 feet long (Fig. 115, A). 
Over the prodstracum, projecting toward the head of the Mesozoic 


po 


Fic. 115.—Diagrammatic sections of dibranchiate shells. A, Sepia; B, 
Belemniles; C, Spirulirostra; D, Spirula; E, Ommastrephes; p, chambered 
phragmacone; po, prodstracum; /, rostrum. (After Lang.) 


Fic. 116.—Cuttle-fish, Sepia officinalis, discharging its protective cloud of ink. 
(After Doflein.) 
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(After Verrill.) 


Fic. 117.—Giant squid, Archileuthis princeps. 


squid, was a chitinous structure 
known as the pen, and in some liv- 
ing genera such as Ommastrephes 
and Loligo the pen alone remains. 
The modern genus Architeuthis 
(Fig. 117), the giant squid, is the 
fitting culmination of this evolu- 
tionary line, for some of them are 
not only the largest of invertebrates, 
but, when measured to the tip of 
the extended tentacular arms, ex- 
ceed the length of any known ver- 
tebrate except the larger whales 
and the amphibious dinosaurs. The 
body may be as large as a hogshead 


-and the extreme length of body and 


tentacles may exceed half a hundred 
feet. 

Octopoda.—In the eight-armed 
dibranchiates the extreme of spec- 
jalization is reached, for the in- 
ternal shell has entirely disap- 
peared and but one of the groups, 
the female Argonauta (Fig. 118), 
the male (see Fig. 12) being shell- 
less, has anything comparable to 
such a structure. Here the uncham- 
bered shell is more in the nature of 
a brood chamber and as such not 
homologous with the shell either 
in the Decapoda nor yet in the 
tetrabranchiate Cephalopoda. 

The fossil record of the Octopoda 
is almost entirely blank, hence their 
evolution may not be traced. The 
most ancient octopus, known as 
Calais, comes from the Upper Cre- 
taceous of Mount Lebanon, Syria, 
while the argonauts are unknown 
before the Tertiary. 
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Fic. 118.—Argonaut, Argonauta argo, female. (After Claus-Sedgwick. For 
male see Fig. 12.) 
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Fic. 119.—Swimming octopus, Oclopus sp. (After Doflein.) 
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CHAPTER XXVII 
INSECTS 


Place in Nature.—As the cephalopods are the culmination of 
the evolution of the unsegmented invertebrates, so the insects can 
be considered the final evolutionary goal of those whose bodies 
are segmented, the so-called “Articulates” of Cuvier. The most 
primitive members of this great group are of course the annelid 
worms, out of which there arose, some time in the remote past, the 
primitive Crustacea or trilobites and from this stock not only the 
later Crustacea but two phyla of air-breathing arthropods. The 
latter include the more remotely related arachnoids—scorpions, 
spiders, extinct Merostomata and the relic horseshoe crabs—not all 
of which, however, are air-breathing. The nearest allies to the 
insects, on the other hand, are the Myriapoda—amillipeds and centi- 
peds, which, while of a lower order of development, show many 
features in common with the insects. For a discussion of phylogeny, 
see pages 452-455. 

Definition.—Insects may be defined as air-breathing arthropods 
in which the body is divided into three distinct regions, the head, 
therax, and abdomen. There is a pair of legs borne upon each of 
the three segments of the thorax, and generally two pairs of wings, 
arising from segments two and three. The head, which shows no 
external trace of segmentation, bears a pair of feelers or antenne, 
compound and simple eyes, and three pairs of mouth parts—the 
mandibles and the first and second pair of maxilla—although the 
last are more or less united into a single organ, the labium or lower 
lip. The abdomen, consisting of eight or nine segments, is generally 
devoid of appendages in the adult. . None of the insects are organi- 
cally united or colonial, and but few are sedentary, although many 
are parasitic in habits and hence degenerate. The sexes are entirely 
separate and the development of the young is often complicated by 
a more or less profound metamorphosis. 

Importance and Numbers.—From the ‘standpoint of their im- 
portance, the insects may be placed next to mankind, the only pos- 
sible disputants being the ungulate mammals, and their significance 
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is not so much from the view point of nature as from that of man; 
the insects, however, may be considered important from either 
point of view. 

Their numbers exceed computation, for Kellogg tells us that 
while there are less than 1000 different bird species in North Amer- 
ica, there are more than 10,000 known species of beetles alone, 
and the total number of named and described species of insects in 
the world is about 300,000. This is so far, however, from being the 
ultimate number which the world contains, especially in the teem- 
ing tropical forests, that L. O. Howard estimated them at perhaps 
3,500,000, and when one multiplies this number by the possible 
number of individuals of each kind, necessarily variable, he arrives 
at figures as incomprehensible as the years of geologic time. 

Weigh the importance of such an army from the standpoint of 
its devastation, for it “lives on the country” and every mouth must 
be filled many, many times! The tax imposed by the insects on 
mankind alone through their destruction of crops and of raw ma- 
terials and manufactured products—food, tobacco, drugs, leathers, 
textiles, buildings—amounts to untold millions of dollars each year. 
They are the only forms of life which seriously threaten man’s 
earthly supremacy, and while individually their devastations are 
of little moment, collectively their constant attrition may ulti- 
mately effect local conquests in which man will have to confess 
himself beaten. 

In addition to the general destructiveness of insects we have to 
charge against their general account the direct sufferings of human- 
ity caused by insect-carried diseases, some of which are discussed 
in the chapter on parasitism, and these sufferings in many instances 
terminate only in death. But over against this terrible arraignment 
may be placed to their credit the direct aid of the beneficial insects 
in the fight against their noxious allies, and the very great service 
that many of them give in the pollenation and consequent fructi- 
fying of the plants, many of which, like the red clover, are impor- 
tant food crops for man or for his beasts. This pollenation has 
given rise to some intricate adaptations on the part of plants them- 
selves to insure the visits of the fertilizing insects and to enable the 
pollen to be unconsciously obtained in one flower and left where it 
will surely impregnate another. To these should be added those 
insects that are of direct benefit to man, such as the honey-bee, 
cochineal and lac insects. 
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Habitat.—The habitat of the insects is as variable as one can 
conceive of, covering practically the entire range of animal habitat 
with the exception of the deep sea. Among free-living insects there 
are terrestrial ones, ranging from alpine wastes to the steaming 
tropical jungles, from the snowfields of the Arctic to the ever green 
forests beneath the equator, and from the driest deserts to the 
most humid regions of the world; they range from the air to the 
waters under the earth, being found even on the ocean many miles 
from land, some surface dwellers, others subaquatic; and they are 
miners and borers in wood, and inhabitants of the body of other 
animals, both within and without, man himself being tenanted by 
no fewer than a dozen, probably more, different species of insect 
parasites. 

Habits.—Insect habits cover a wider range than those of any 
other group, and the anatomical structure, especially of locomotive 
organs and mouth parts, varies astonishingly to suit their owner’s 
habits. It is futile to attempt to mention the habit variation at 
this place. 

Metamorphosis.—The fact that in many insects the growth to 
maturity is attended by a more or less profound alteration of the 
creature’s form, appearance, and habits, has already been men- 
tioned. In the lowest order, the Aptera or Thysanura, metamor- 
phosis has not yet been acquired, the creature being, at the time 
of hatching, a miniature replica of its wingless parents. In winged 
forms, on the other hand, as these useful structures are confined to 
the adult stage, there is the change from the wingless to the winged 
condition. Again, in the lower orders where no special type of larva 
has been evolved to meet peculiar life conditions, the metamor- 
phosis, such as it is, may be said to be incomplete or gradual, for 
the young are readily recognized as offspring of their parents; and 
the wings, at first lacking, grow with successive molts until at the 
last they become functional. Aside from the acquirement of the 
power of flight, there is therefore no abrupt or decided change in 
the appearance of the animal. Hence the term larva, which always 
implies some modification or structure which the adult does not 
possess, can not properly be applied to the young of these forms, 
and they are known as nymphs. 

In higher insects, where such larval characters have been ac- 
quired, there is no external trace of wings throughout the adolescent 
life, then comes a remarkable stage interpolated into the life-cycle, 
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during which the insect is generally quiescent and is undergoing 
its profound change into the form and condition of an adult. In 
this, the pupa or chrysalis stage, the future external organs—anten- 
ne, wings, legs—are externally manifest, reminding one of an 
Egyptian mummy case upon which are molded and painted the 
features and something of the form of its silent occupant. The 
emergence from the pupa skin is almost like a resurrection, for the 
creature now comes forth glorified and resplendent to wing its way 
through the air, whereas before it was a creeping, earth-borne form. 
The several stages are: 


oo —— 


Egg adolescent | adult 


Where metamorphosis is gradual 


Egg nymph | imago 
Where metamor phosis is complete 
Egg larva pupa imago 
ese 


Flight is never acquired in existing insects before the imago state 
is reached, when the individual, whatever its size, is full grown 
and after which it ceases to molt. The only apparent exception 
to this rule is in the May-flies (Ephemerida) in which the creature 
emerges from its aquatic home, molts, spreads some very imperfect 
wings, flies to the nearest support and molts again, this time de- 
veloping perfect wings with full powers of flight. This temporary 
flying condition is known as the pseudimago stage, and is really 
comparable to the last nymphal stage in other insects wherein the 
wings are present and rather large but not yet functional. 

Classification.—A brief résumé of insect classification is neces- 
sary to our further study, but while specialists would divide the 
group into no fewer than nineteen orders, a more general grouping 
into nine will serve our purpose. 


A. With no metamorphosis 


Order 1. Thysanura or Aptera.—Wingless insects with the body cov- 
ered with scales or hairs. Eyes either absent, simple in groups, or com- 
pound. Some run, others progress by means of a springing apparatus 
on the abdomen. Examples: the springtails (Podura) and. silverfish 


(Lepisma). 


442 ORGANIC EVOLUTION 


B. With incomplete metamorphosis 


Order 2. Orthoptera. Insects with two pairs of wings of which the 
anterior pair are generally parchment-like (tegmina), the posterior ones 
membranous. Mouth mandibulate, that is, with the normal insect jaws, 
fitted for chewing. This order includes the earwigs, cockroaches, stick 
and leaf insects, grasshoppers, and locusts. 

Order 3. Pseudoneuroptera. Insects with two pairs of similar, net- 
veined, membranous wings. Mouth mandibulate. Includes the termites 
or “white ants,” May-flies, dragon-flies, etc. 

Order 4. Hemiptera. Insects in which the wings are usually present 
and are sometimes similar and membranous, again dissimilar, the for- 
ward pair having thickened bases and membranous extremities which 
overlap (hemelytra). Mouth haustellate, 7. e., sucking, consisting of a 
rostrum enclosing the jaws, which are modified as piercing organs. This 
order includes the bugs, lice, scale insects, plant-lice or aphids, and 
cicadas. 

C. With complete metamorphosis 


® 


Order 5. Neuroptera. Similar to the Pseudoneuroptera, except that 
the metamorphosis is complete. Formerly included that order under 
the present name. Examples: ant-lions, aphis-lions, and caddice-flies. 

Order 6. Lepidoptera. With two pairs of well developed wings which 
are covered with scales. Mouth haustellate as adult, mandibulate as 
larve. Butterflies and moths. 

Order 7. Coleoptera. Insects with dissimilar wings, the anterior pair 
being in the form of horny elytra, the posterior pair membranous. Mouth 
mandibulate. Beetles. 

Order 8. Diptera. Winged or wingless (fleas) insects, the former hav- 
ing but a single pair of membranous wings, the hinder ones being rep- 
resented by a pair of knobbed balancers or halteres. Mouth haustellate. 
Here are included the flies, fleas, and certain degraded, tick-like, wing- 
less flies. 

Order 9. Hymenoptera. Insects which generally possess two pairs of 
similar and membranous wings. Mouth mandibulate or haustellate 
(licking). Includes the bees, wasps, ants, gall- and ichneumon-(parasitic) 
flies. 


Adaptive Radiation of Insects 


Osborn’s law of adaptive radiation (see Chapter XVIII), which 
was originally applied to the mammals, is equally applicable on 
the one hand to the reptiles and to the insects on the other. There 
is, however, this difference in the case of the insects, that while 
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as in the two vertebrate groups the primitive stock was undoubt- 
edly terrestrial, all of the former have passed through a volant or 
aérial stage, which, while it has also developed both in mammals 
and in reptiles, is confined to relatively few forms, none of which; 
once having attained it, has ever retrogressed. The insects above 
the Aptera, therefore, are in a sense more comparable to the birds 
in that practically all fly, and those which do not, come from a 
volant ancestry and have lost their wings through specialization. 


DIAGRAM SHOWING ADAPTIVE RADIATION OF INSECTS 


Cursorial : Volant 
* Roaches All but Aptera, especially 
Ground beetles dragon-flies, bees, wasps 


Primitive’ stock 
Paleodictyoptera 


Aquatic Fossorial 
Beetles and bugs Especially mole cricket 
Many nymphs of 
Pseudoneuroptera 
and young of Diptera 
On the other hand, the birds are hardly comparable to insects in 
the extent or range of their adaptation. 

Primitive Stock.—The simplest living insects are undoubtedly 
the Aptera (Thysanura), for here alone we have primarily flight- 
less forms, shown not only by the total absence of wings within 
the order, but also by the simplicity of the thorax and its muscula- 
ture as compared with that of the other insects, since here we find 
the three segments of the thorax separate and not fused (Fig. 
120). In the more generalized flying insects the first segment or 
prothorax alone is free, whereas in the higher forms—Hymenop- 
tera, Lepidoptera, Diptera—all three segments are united into a 
firm box wherein the wonderful motor organs reach their highest 


development. 
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High authority, however (see page 454), would place the ancient 
Paleodictyoptera in the position of the primitive stock. 

Cursorial and Saltatorial Adaptation.—Cursorial forms are 
represented by the cockroaches among ancient types, and while 
many of their allies to-day have departed from the 
more primitive cursorial gait and have become 
leaping or saltatorial forms, as in the grasshop- 
pers and crickets, speed of movement is character- 
istic of both. Among the Orthoptera the cursorial 
gait was prevalent during the Paleozoic, leaping 
forms being unknown before Lower Jurassic (Lias) 
time. Among the ancient cursores more than two 
hundred species of roaches have been described 
from the Paleozoic, some of them of gigantic size. 

Certain beetles, notably the ground beetles, 
Carabide, and the tiger beetles or Cicindelide, 
are cursorial. The latter especially are the most 
agile of all beetles and are not only swift of foot, 
but are also able to fly well. They are gracefully 

Fic. 120.—Fish- formed and beautifully colored and, as one would 
moth, Lepisma 5 A 
sp. (From J. B. expect, are predaceous forms of high economic 
Smith’s Economic value through their destruction of noxious insects. 
Eniocisloey,) The ground beetles are a large group almost all of 
which are predaceous in habits, either springing upon their prey 
or capturing them by chase. 

Many of the Hymenoptera are also speedy, especially the true 
ants and the so-called velvet-ants (Mutillide) which are in reality 
wasps. Here the male flies, but the female is wingless, very swift 
in her movements, a powerful stinger, and warningly colored in 
scarlet and black. The true ants which, with the exception of the 
sexed individuals, have also lost the power of flight, make up for 
it by the rapidity of their movements. Speed adaptation is shown 
in all of these forms by the graceful bodies and slender limbs, in 
sharp contrast to certain of their non-cursorial allies, such, for 
instance, as the heavy-bodied boring and scaraboid beetles, and 
the bumblebees. 

Fossorial Adaptation.—Fossorial insects are many, some dig- 
ging for retreat as in many wasps and bees, others merely for nest- 
building to provide safe asylum for the eggs and helpless young. 
Others, like the larve of the leaf-chafers (June bug or May beetle, 
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etc.), are entirely subterranean and as “‘ white grubs” take a sub- 


stantial underground toll of the farmers’ crops. 


The fossorial insect par excellence, however, is the mole-cricket 
(Gryllotalpa) which in its habits and appearance simulates quite 


closely the common garden mole. The body, while 
long and rather slender for a cricket, is on the 
whole spindle-shaped, the small head forming a 
good entering angle, offering but little obstruc- 


tion to passage through the soil. The fore limbs © 


in particular are molelike, broadened, the tibize 
being expanded and spined in such a way as to 
be most effective digging organs. In their broad 
sidewise sweep they resemble the mole’s hands in 
action, and like the mammal the cricket’s move- 
ments can be detected as he progresses just be- 
neath the surface (see Fig. 121). 

Aquatic Adaptation.—There are many differ- 
ent adaptations to aquatic life among _ insects, 
some of which apply only to the adolescent life, 
others to the entire insect career, and the adapta- 
tions include not only locomotor devices, but 
special respiratory structures whereby what are 
primarily air-breathing forms have become able 


Fic. 121.—Fos- 
sorial mole-cricket, 
Gryllotalpa borealis. 
(After Comstock.) 


to utilize the air dissolved in the water. These structures, as we 
shall see, are of greater significance than their present use implies, 
for it is believed that out of such structures the insect wing 


evolved (see page 451). 
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The aquatic groups may be summarized as follows (adapted 
from Comstock): 


Adolescent Adult 


Pseudoneuroptera 
Ephemerida, May-flies Aquatic Aérial 
Odonata, dragon-flies BY 


Plecoptera, stone-flies yy Ss 


Hemiptera 
Coriside, water boatmen 
Notonectide, back swimmers 
Nepide, water scorpions 
Belostomide, giant water bugs 
Naucoride, creeping water bugs 
Veliide, water striders 
Hydrobatide, water striders 


Aquatic 
ce 


Neuroptera 
Sialidze, dobson, etc. Aérial 
Phryganeidz, caddice-flies ef 
Coleoptera 
Haliplide, haliplids yb Aquatic 
Dytiscide, predaceous diving beetles ; 
Gyrinide, whirligig beetles 
Hydrophilide, water scavengers 


Diptera 

Blepharoceridz, net-winged midges 

Culicide, mosquitoes 

Simuliide, black flies iS s 

Ephydrine In marine or 
alkaline waters | 


In the more generalized insects whose young are aquatic, this 
adaptation may perhaps be looked upon as a primitive condition, 
for it was also true of the ancient Paleeodictyoptera (see page 455); 
among the flies, on the other hand, it may well be a secondary 
adaptation. There is apparently no insect aquatic as an adult only. 

Of the aquatic modifications, the first to be considered is the 
means of respiration. As we have seen, the respiratory organs of 
the spiders, myriapods, and insects consist of branching air tubes 
known as trachee which have their origin in symmetrically ar- 
ranged apertures, the stigmata, through which free air is admitted 
to the system. There are generally a pair of principal longitudinal 
trunks from which short tubes pass to the stigmata. From them 
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there also arise other branches (see Fig. 18) which divide and divide 
again until they end in tubes of capillary fineness which are found 
in all of the tissues of the body. : 

Usually among animals the blood or its equivalent is the oxygen- 
carrying medium, receiving it from the respiratory organs (external 
respiration) and delivering it to the tissues (internal respiration), 
the oxygen being carried in chemical union with an iron compound, 
~ hemoglobin, in which case the blood is red, or with a compound 
of.copper, hemocyanin, which gives a faint bluish tinge or none 
at all to the blood. With the tracheates the blood has no respira- 
tory function or at most but a very rudimentary one, the air being 
carried bodily wherever it is needed by the tracheal tubes which, 
in common with other respiratory devices, are merely a compli- 
cated infolding of the body-wall. 

Aquatic insects breathe by one of two general means, either by 
air reservoirs or by tracheal gills. In certain insects which, like 
the water bugs or water beetles, are aquatic throughout their life, 
the abdomen is flattened on its dorsal surface, but the forward 
wings are arched in such a way that a space of considerable size is 
left into which the trachezee open. The insect, which requires but 
little air compared with a vertebrate, comes to the surface from 
time to time, protrudes the end of its abdomen, raises the wing 
tips slightly, and thus renews the air in its reservoir. But the 
young of these same insects have no wings, so another method 
must be adopted to take the place of the reservoir, and this is 
done by having the body clothed with hair in which air becomes 
entangled, being separated from the surrounding water by the so- 
called capillary film in the form of an air bubble. From time to 
time the insect can come to the surface and renew the air, but in 
well aérated water this is not so necessary as with the winged form, 
for oxygen passes inward and carbonic acid gas outward through 
the capillary film by osmosis, that process by which gases or other 
substances on either side of a film or membrane are equalized. 

Tracheal gills (Fig. 122) are leaf- or hair-like outward exten- 
sions of the body-wall, arising from a stigma, the trachee being 
continued into them and branching out like the veins of a leaf. 
The air within is now in osmotic relationship with the surrounding 
water which bathes the gill, and as before the mutual exchange 
of gases is effected. Respiratory movements keep up an interchange 
of air from the gills to the bodily trachez and by the rhythmic 
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waving of the former or by motions of the insect’s body the water 
immediately surrounding the gill is renewed. In the May-fly 
nymphs the gills are arranged in pairs along the sides of the abdo- 
men, a pair to each of the several stigmata; in the stone-flies they lie, 
as they rarely do, on the sides of 
the thorax at the base of the limbs. 
In the smaller dragon-flies, Agri- 
onine, the gills are leaf-like expan- 
' sions borne at the end of the body. 
These subserve not only their 
prime function of respiration but, 
as a caudal fin, the secondary one 
of locomotion as well. The larger 
dragon-flies, Libelluline, differ in 
not having external gills, but an 
internal one, in that the rectum, 
the posterior portion of the ali- 
mentary canal, with its walls filled 

Fic. 122—May-fly larva, showing With trachee, functions as such. 
pape! gills. fue iole yee ae hee Here thythmic contraction and 
wing ig tracheal ls tracheal WES elasation of the muscles causes a 

tidal ebb and flow of water through 
the anal aperture, bringing the fresh supply of oxygen and re- 
moving the effete material. Incidentally this structure also be- 
comes a locomotor organ, for the forcible expulsion of the water 
from the rectum drives the creatures forward by a method of jet- 
propulsion comparable to that seen in the squid. 

The combination of respiratory and locomotive function in the 
tracheal gill is significant, as these structures, especially such as 
are seen in the May-fly nymphs, are thought to represent the proto- 
type of the insect wing (see page 451). 

Aside from the breathing devices, the body and limbs also show 
aquatic modifications, especially when the creature is nektonic. 
In a bottom-clinging form no special aquatic adaptation is neces- 
sary, but the predaceous diving beetles and the back-swimmers and 
water-boatmen among the bugs show more or less physical con- 
formity to the needs of the environment, with neatly curved bodies 
which bear no unnecessary projections. They do not, perhaps, 
follow the numerical lines to the extent that the fishes do, but 
sufficiently so for small, not over-swift craft. The limbs often show 
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oar-like expansions whose extent is sometimes increased by lateral 
fringes of hair; propulsion, if not by tracheal gills or the rectum, 
is invariably by means of the limbs and, as among aquatic reptiles 
and mammals when this is the case, the rate of speed is neces- 
sarily limited. Perhaps the larger dragon-fly 
nymphs which sweep the limbs backward 
simultaneously with the drive of the rectal jet 
are among the most rapid insect swimmers 
for a short distance. Add to this a remark- 
able extensile labium for grasping their prey 
and their efficiency is as great in its way as 
that of the magnificent adult. The nymphs 
are generally protectively colored so that their 
quick dart from obscurity must make them 
highly successful in the struggle for exist- 
ence. Among the most interesting of aquatic 
insects are the caddice-worms, larve of the 
caddice-flies and belonging to the true Neu- , 

IG. 123.—Water bee- 
roptera, yet probably ancestrally related to the tle, Hydrophilus triangu- 
butterflies and moths as well. The adult is /aris. (After Bruner, 
a small nocturnal insect, of somber hue, look- eo Meena Eot 
ing when at rest not unlike a night-flying 
moth. The wings are clothed with hairs, not scales as in the Lepi- 
doptera, but these scales are in turn modified hairs, which among 
other things makes the above-mentioned relationship plausible. 
The larve are caterpillar-like, the elongated abdomen being decked 
with tufts of hair-like tracheal gills. Instead of exposing its tender 
body to the vicissitudes of aquatic life the creature makes for itself 
a tubular house within which it lives and from which its head and 
limbed thorax may be protruded for locomotive purposes. These 
houses vary in building material as well as in architectural design, 
being formed of tiny bits of twigs or leaves, or of sand grains or 
even minute pebbles, the twigs sometimes laid lengthwise, again 
after the manner of a pioneer’s log cabin. The creatures themselves 
are carnivorous and occasionally spin a web, like a tiny fisherman’s 
net, athwart the current of the stream and lie in wait as a spider 
does for such unfortunates as chance provides for food. 

Aérial adaptation is so universal an insect characteristic that but 
few forms need be mentioned as of particular interest in this re- 
gard. The powers of flight among insects vary astonishingly. Some 
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are slow, bungling fliers, as certain of the Lepidoptera or flies; 
others, like the larger dragon-flies, are tirelessly on the wing and the 
rapidity of their movement has given them a number of colloquial 
names, such as arrows, devil’s darning needles, snake doctors, and 
spindles,and this and their general conspicuousness have given them 
a wholly undeserved disrepute. Certain flies are also immensely 
speedy, their compact thorax, powerful musculature and single 
pair of very efficient wings serving to drive them at a rate which, 
in proportion to their size, is truly remarkable. Thus the horse-fly 
is able to outstrip the swiftest horse. The rate of vibration of the 
common house-fly’s wings, which produce approximately the sound 
of F, has been computed to.be about 21,000 times a minute or 
335 times a second, and these figures have been confirmed graphi- 
cally by Marey, who found that the fly actually makes 330 wing 
strokes a second (Packard). 

The wings of insects are never homologous with those of the sev- 
eral vertebrates which have attained flight, the pterosaurs, birds, 
and bats, for here the wing is always a modified fore limb, whereas 
in the insect it is merely an expanded and highly modified portion 
of the body-wall (see Fig. 18). The wings of the ancient insects 
such as the Paleozoic cockroaches were more horny and that 
is still true of the fore wings of the lowlier orders, Orthoptera, 
Hemiptera, and Coleoptera. Secondarily they became membranous, 
and finally, the complex organ in its venation and embellishment 
that we find in the higher types. Insects’ wings also differ from 
those of the vertebrate in their flatness, for the upper and lower 
surface, with the exception of the beetles’ horny fore wings or elytra, 
are practically the same, whereas in the bird especially the upper 
surface is convex and the lower one concave. The motion described 
by the wing also differs, for that of the insect moves in a figure 8, 
while the bird’s motion is simpler. This may be due either to the 
form of the wing which when vibrated bends in such a way as to 
describe that curve, or the motion may be due to the method of 
articulation of the wing with the body. In many heavier insects 
like the beetle the creature is like a biplane, the wings being quite 
separate, and in some instances the elytra are not vibrated at all 
but are merely supporting planes, the hinder membranous wings 
constituting the motive power. Again, as in the bees, the fore and 
hind wings are articulated together by a series of hooks so that they 
move as one. It is notable that among the swiftest insects, the flies, 
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the creatures are monoplanes, which is equally true of man-made 
flying machines. 


A theory proposed by the German savant Gegenbaur for the origin of 
wings derives them from the leaf-like tracheal gills of which we have 
spoken, and while certain objections have been raised to this idea none 
of them have very serious weight. The only trouble is that there is no 
living insect known wherein such a gill may be seen in a transitional state 
of development into a wing, and between the largest and most efficient 
gill and the smallest structure which could possibly support the animal 
in flight there is a material gap. ‘It would seem, therefore, that some 
intermediate function between respiration and flight is necessary, for 
while we can readily imagine an overlapping of functions we cannot con- 
ceive of the progressive development of a temporarily useless organ 
unless by the unproved theory of orthogenetic variation, and this seems 
inapplicable in the present instance. Such an intermediate function is 
supplied, however, in ‘insects in which a portion of the gill is devoted to 
the function of protecting the remaining parts, permitting them to retain 
their most efficient gill structure even under rather adverse conditions. 
Just such an organ may be seen in the gill-cover of a species of May-fly 
common in Ilinois, Rithogena manifesta Eaton. This is not the most 
winglike gill found in the family, but will show as well as any the tendency 
of its specialization toward the structure of a wing” (Woodworth). 

In its general form, the character of its venation, the nature of its 
articulation, and its constant vibratory movement, this gill-cover is very 
suggestive of a primitive wing, and yet it is quite clearly only a differen- 
tiated portion of the original tracheal gill. The next stage is represented 
by the May-fly Cenis, in which one pair of gill-covers has greatly en- 
larged, nearly lost its own gills, and protects the otherwise naked gills 
of the following four segments. On the remaining abdominal segments 
the gills have entirely disappeared. An exactly similar process, but one 
resulting in two pairs of gill-less covers and an entire suppression of all 
gills in the last molt, would give us the condition of the winged insect 
(Woodworth). The fact that leaf-like tracheal gills and gill-covers are 
found to-day entirely upon the abdomen does not preclude the possibility 
of their former development upon the thorax. If such arose, then, 
through division of labor, they might shortly be transformed into wings, 
those upon the abdomen retaining their pristine function of respiration. 


The development of flight among insects implies therefore, first, 
a departure from the old terrestrial habitat into the water. If this 
were done by a small insect, which was probably the case, the only 
adjustment necessary would be a reduction in the thickness and 
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firmness of the cuticle so that the entire body might subserve the 
respiratory function. The insect was doubtless one of those living 
in damp situations, such as the present-day Thysanura (Aptera). 
These forms have retained the ancient habitat and probably have 
persisted with little change from remote geologic time. With in- 
crease in size and consequent muscular development, however, 
came a thickening of the cuticle and a consequent localization of 
the respiratory function. Gills arose through a necessary increase 
of respiratory surface, resulting in outpushings of the thinner por- 
tions of the body-wall. These, which may be called: blood gills, 
served to aérate the blood directly through their surface. Their 
subsequent invasion by trachez, so that the blood merely acted as 
an intermediary between the tracheal air and that in the surround- 
ing water, followed and finally the tracheal gill was perfected. Next 
came the differentiation of the gill into a respiratory and a protective 
part, the latter becoming movably articulated with the body to 
aid in renewing the water over the respiratory gill. The subsequent 
enlargement of the gill-cover to embrace several gills, the suppres- 
sion of the latter when, at the last molt, the creature reémerged 
on land as an adult, the use of gill-covers as imperfect wings, and 
their final perfection as organs of flight complete the process. This 
implies of course a single evolution of flight on the part of a primi- 
tive insect out of which all of the orders, except the Aptera, have 
subsequently arisen. 

Other theories of wing origin have been proposed, such as lateral 
expansions of the dorsal wall of the thorax, which served first as 
aéroplanes for a leaping form, and subsequently became hinged 
and muscled; but the theory of the tracheal gill origin seems to have 
the weight of evidence in its favor. 


Geological History 


Ancestral Stock.—The researches of a celebrated Viennese 
savant, Anton Handlirsch, have thrown great light upon the geolog- 
ical history of the insects and as a result his statements have the 
weight of high authority. He has demonstrated the primitive 
character of the trilobites (see Fig. 124), Paleozoic arthropods the 
true position of which was long in doubt and which he holds to have 
been the original stock out of which arose as independent phyla 
the various arthropodan classes. Out of the trilobites the Crus- 
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Fic. 124.—Trilobite, Triarthrus becki, restored. 1, dorsal, 2, ventral aspect. Twice 
natural size. (After Beecher.) 


tacea were first differentiated, and from this line arose, in the course 
of time, all of the gill-breathing shrimp- and crab-like forms, to- 
gether with hosts of lesser allied creatures whose descendants teem 
in the fresh and salt waters of to-day. 

Of the arachnoids, the scorpions also arose from the trilobites 
through an intermediate eurypteroid ancestry, of which a lone 
survivor, Limulus, yet lives—the only living gill-breathing rep- 
resentative of the class. The ancient eurypterids of the Ordovician 
and Silurian (see Chapter XXVIII) were also related to the lim- 
uloids, but like the vast majority of the latter they have entirely 
ceased to be. Scorpions are especially noteworthy, for specimens 
of Paleophonus found in the Silurian rocks of Scotland and Eng- 
land, and Proscorpius from the Silurian of New York are the first 
recorded relics of air-breathing animals (see Fig. 125). 

The myriapods are seemingly difficult of derivation from the 
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trilobites and yet there are certain Carboniferous myriapod-like 
forms which suggest relationships between the two groups even 


here. However, the 
insects may _ not 
_have been derived 
out of the myria- 
pods as the latter, 
despite many in- 
sect-like features, 
are too highly spec- 
ialized to be ances- 
tral to them; nor 
could any known 
group of true Crus- 
tacea be considered 
ancestral, but as 
cértain trilobites, 
such as Aghna 
(Fig. 126), have a 


Fic. 125.—Silurian scorpions, restored. A, Paleophonus head much like that 


nuncius, dorsal aspect; B, P. hkunteri, ventral view. 
Pocock, from Schuchert’s Historical Geology.) 


(After 


of an insect, to- 
gether with other 


likenesses and no prohibitive differences, a relationship may be 


assumed. 


Thus Handlirsch derives the primitive insects out of a trilobite 
of amphibious habits and with a number of similar segments, of 


which the second and third thoracic 
ones bore extensions of the pleura or 
side pieces which eventually developed 
into wings. 

Primal Insects.—Out of this trilobite 
stock arose the Paleodictyoptera, the 
most primitive, in fact, the stem forms 
of all existing insects. These appear 
first in the Carboniferous and are thus 
described: Insects of primitive organiza- 
tion, with a relatively small head bear- 
ing masticating mouth parts. The three 
thoracic segments were similar, the 
second and third bearing nearly equiva- 


Fic. 126.—Primitive trilobite, 
Aiglina prisca, Ordovician, Bo- 
hemia. A, right side; B, dorsal 
view. Enlarged. (After Bar- 
rande, from Eastman-Zittel.) 
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lent wings, the venation of which was primitive. These wings were 
apparently incapable of being folded backward over the abdomen, 
their motion being limited to the vertical plane. In addition to 
these wings, another pair, rudimentary in character, were some- 
times borne on the first 
thoracic segment. The 
abdomen consisted of ten 
similar segments which 
often bore lateral lobes, 
sometimes serving as tra- 
cheal gills (see page 448), 
in addition to which a 
pair of long cerci were 
borne on the terminal 
segment (see Fig. 127). 
The legs, of which there 
were the normal insect 
number of six, were simi- 
lar and adapted for walk- 
ing. 

These archaic insects 
were probably all carniv- 
orous, their young being 
aquatic in habit and de- 
veloping into the adult 
state without a complete 
metamorphosis, that is, 
without a quiescent pupa 
stage (see page 441). 

Transitional Orders. 
—The Carboniferous saw 


the riseand passing of this Fic. 127.—Paleozoic insects. A, Stenodictya lo- ~ 
- - bata, and B, Eubleptus danielsi, primal insects or 

BROUD and also the eel Sete Paleodictyoptera. (After Handlirsch.) 

from certain of its mem- 


bers of the varied transitional types which were in turn to evolve into 
the modern orders. These were also comprehensive or synthetic 
types, combining in certain instances the characteristics of the 
several orders to which they eventually gave rise. Such, for in- 
stance, were the Protodonata, intermediate between the Palzodic- 
tyoptera and the Orthoptera or dragon-flies, the Protephemerida, 
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leading to the Ephemerida or May-flies; the Protorthoptera, 
ancestral to the Orthoptera, the grasshoppers, crickets and the 
related phasmids, earwigs and the like. Another of these transi- 
tional groups was the Protoblattoidea, primitive roach-like forms 
ancestral to the cockroaches (see Fig. 128), termites, book-lice, 
bird-lice, and beetles. The 
other familiar, orders such as 
the Hemiptera or bugs, the 
Hymenoptera or bees and ants, 
the Lepidoptera or moths and 
butterflies, and the Diptera or 
flies, are of later origin, al- 
though from the same Car- 
boniferous Palzodictyopteran 
stock. 

All of the Paleozoic insects — 
were large, and this was es- 
pecially true of those of the 
Fic. 128.—Eucenus ovalis, ancestral cock- Carboniferous, for a cockroach 

eaeseo pcan et nee of the Middle Carboniferous 
was as long as one’s finger while certain dragonflies attained a 
wing-spread of 29 inches. Large size usually accompanies lack of 
other specialization, and so it was with these creatures, all of which 
were of relatively simple carnivorous habits, with adaptations 
showing as yet none of the intricate detail which characterizes the 
insects of to-day. All were voiceless, none had special larva or 
pupa forms, but in the fern-like venation of the wings of the 
roaches, for instance, the first tendency toward protective mimi- 
cry is seen. 

All plant nature at this time was monotonous and the insects 
reflect the aspect of the period. Not all, however, were amphibious, 
for in certain of the transitional orders, Protorthoptera, Proto- 
blattoidea, etc., the ancestral waters had already been forsaken 
even by the young. Thus the insects parallel the emergence and 
evolution of the contemporary vertebrates, the amphibians and 
reptiles (see Chapter X XIX). 

During Carboniferous time, the climate was mild and humid, 
with no dry seasons nor cold winters to cause periodical cessation 
of insect development. This climatic condition is attested by the 
fact that none of the trees of this time show annual rings of growth. 
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Hence the insect activity was continuous and no adaptations to 
withstand periods of inclemency were necessary. With the Per- 
mian, however, came aridity of increasing severity, and glacial 
conditions of an austerity even greater than that of the glacial 
period of the Pleistocene. This meant a profound alteration of the 
face of nature, not only of the plants but of the animals as well. Its 
influence on the vertebrates will be discussed later (see Epilogue), 
but its effect on the insects was also profound in that it meant a 
large destruction of such of the primitive forms as were not adapt- 
able, and the modification of such as were. It was probably only 
in the more favored localities that even such survivals could occur. 

Mesozoic Insects.—During the Permian and Lower Triassic, 
insects were relatively rare, as their great scarcity in the deposits 
of those times would imply. When they again appeared the old 
transitional groups had given way to the modern orders, many of 
which had acquired the complete metamorphosis with an adaptive 
resting or pupal stage. This stage may well have arisen as a re- 
sponse to periodic inclemency, but it made possible the profound 
reorganization which the insects of complete metamorphosis 
undergo, and the consequent remarkable adaptations of so many 
of the modern adults. Thus it was in the Trias that the first in- 
sects with complete metamorphoses appeared, including the first 
true beetles, some of which forsook the universal carnivorous habits 
of their Paleozoic ancestry and fed upon wood. 

In the Lias or lowermost Jurassic, the remains of fossil insects 
again become abundant, many of them reminding one strongly of 
modern forms and showing in some instances adaptation to a plant 
diet. In the Middle Jurassic (Dogger) occur the first Lepidoptera 
and in the Malm (Upper Jurassic) the first Hymenoptera. These 
were probably plant-feeders, but owing to the absence of flowers 
none could have had the honey-feeding habits of their descendants. 

Higher Orders.—The Cretaceous, however, saw the great 
development of the dicotyledon flora which before its close had be- 
come essentially modernized, so much so that the trees and flowers 
would probably have had a very familiar look even to our modern 
eyes. This change had a wonderful effect upon the insect hosts, 
for flower-feeding forms were now possible and through mutual 
interdependence the insects must in turn have stimulated the rapid 
evolution of floral adaptation. 

Tertiary Insects.—With the coming of the Tertiary the entomo- 
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logical aspect of nature again changes and there appear all of the 
higher orders in contrast with those of the Lias. Now for the first 
time occur the social insects—termites, ants, bees, and wasps— 
as well as the insect parasites of warm-blooded animals. The 
development of insects during and since the Tertiary has been 
along the lines of marvelous increase in the number of species, 
high specialization, small size, parasitism, and communal life. 

Summary.—Three great events of geologic history stand out 
as the impelling forces of insect evolution. The primal cause for 
the origin of insects from their trilobite ancestry was the great 
development of the land flora and fauna in the Silurian and more 
especially in the Devonian. The Paleozoic insects of primitive or 
transitional types thus arose and flourished but with conserva- 
tiveness, except for size, until the second profound event occurred. 

This second cause was the great climatic change in the Permian, 
which eliminated so many of the-archaic forms and introduced a 
new condition, that of complete metamorphosis with its attendant 
chain of possibilities, into many of such as survived. 

The appearance of flowering plants in the Cretaceous completed 
the work and there were consequently evolved into being the 
higher orders which are so largely dependent upon flowers or 
flowering plants, either directly or indirectly, for their sustenance. 
Thus, as Handlirsch says: “Through the study of the paleontology 
of insects we again see clearly how great was the influence of the 
changes in the outer living conditions on the origin of new forms, 
and we see further that the environmental conditions led ofttimes 
to a remarkably rapid differentiation.” 
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CHAPTER XXVIII 
ORIGIN OF VERTEBRATES 


We have in the two preceding chapters discussed the evolution 
of two of the three great lines of descent which the animal kingdom 
includes. The third line, that of the vertebrates, is to be the sub- 
ject of our research from now on, to enable us to comprehend in 
full the place in nature held by mankind. 


Definition of a Vertebrate 


Notochord.—Vertebrates, or to use the more comprehensive 
term, chordates, have several diagnostic characters which are ab- 
solutely distinctive, separating them sharply from all other forms 
of life. Of these, the first is the possession of a notochord (Gr. 
veTos, back, and yop, cord). This is an internal axial stiffen- 
ing running lengthwise of the trunk and serving to resist the bodily 
shortening which the contraction of the muscles would otherwise 
cause. In its most primitive form the notochord is membranous, 
composed of cellular connective tissue, the cavities of which are 
so distended with fluid as to render the whole structure turgid, 
resistant to pressure, but highly elastic. Later the notochord be- 
comes cartilaginous, to be replaced in higher forms by the bony 
vertebral column consisting of a number of short but often complex 
vertebre separated, for mobility, by cartilaginous intervertebral 
discs. 

Perforated Pharynx.—The development of apertures known as 
gill-slits through the walls of the pharynx or throat cavity is the 
second chordate character. These vary in number from a pair to 
more than a hundred (Amphioxus) and are always present, but by 
no means always retain their ancient respiratory function, for with 
ourselves and other mammals, the slits, of which there are several 
pairs in the embryo, are reduced in number until but one pair is 
left and these form the eustachian tubes which serve to equalize 
the air pressure on either side of the ear drum by connecting the 
middle ear with the cavity of the throat. 
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Neuroccele—The third diagnostic character is a hollow nerve 
cord, the so-called spinal cord, which lies immediately above the 
‘notochord or the vertebral column. This may be a very simple 
structure, or again its anterior portion may increase and develop 
until in its highest expression, the human brain, it has formed 
what is probably the most intricate thing in nature. In every case, 
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Fic. 129.—Diagram of Amphioxus. A, anterior end, P, posterior end. an, 
anus; a/r, atrium; airp, atriopore; br, brain; cc, central canal (neuroccele); cir, 
cirri; c@/, coeelome or body cavity; gs, gill slits; zt, intestine; /, liver; m, muscle 
bands (myomeres); mth, mouth; nch, notochord; olf, olfactory pit; ph, pharynx* 
spc, spinal cord. (After Parker and Haswell.) 


however simple or complex it may be, the internal canal or neuro- 
coele persists, though exceptions may be said to exist in the tuni- 
cates or sea-squirts, which are striking examples of degeneracy 
resulting from sedentary life (see page 472). Herein the active 
larva has a nervous system which conforms to our definition, but 
in the adult it is reduced to a single ganglion, or mass of nerve 
matter, with no trace of the neuroccele. 

Other Characters.—Other distinctive features are usually shown 
by chordates. They are generally segmented, the segmentation 
showing in the nervous system, gill-slits, vertebral column, ribs 
and breast-bone, and in the muscles of the trunk. When paired 
limbs are present, their number never exceeds four, while in the 
invertebrate there is no such limitation. Finally, there is ap- 
parently a reversal of surfaces, for whereas in the invertebrate the 
bulk of the nervous system lies below the gut and the blood system 
above, in the chordate the reverse is true. In the invertebrate the 
body-wall is equally thick throughout, in the vertebrate there is a 
remarkable thickening or concentration of the muscles along the 
dorsal side within which lie the notochord and spinal cord. 

It is, therefore, this group of forms, comprising the degenerate 
tunicates, the unprogressive Amphioxus, the fishes, amphibians, 
reptiles, birds, mammals, the last of course, including man, that we 
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wish to consider, and our immediate problem is to learn, if possible, 
the time, place, and source of vertebrate beginnings. 


Time of Origin 


The chordates are a very ancient race, dating back probably to 
the beginning of Paleozoic time, although the tangible record of 
their existence commences with the fragmentary remains of armored 
“fishes” (ostracoderms) found in Middle Ordovician rocks near 
Canyon City, Colorado, in the Big Horn Mountains of Wyoming, 
and in the Black Hills of South Dakota. But these relics are those 
of creatures which had already traveled far along the evolutionary 
road and, according to most authorities, do not represent the most 
primitive members of the chordate stem. Hence we may safely 
say that the time of origin was not later than the beginning of the 
Ordovician, and probably long before. There is, however, little 
chance of finding the geologic record of the ancestral forms, if, as 
we may suppose, they were soft-bodied, delicate organisms without 
hard parts for fossilization. 


Place of Origin 


All of the most primitive chordates existing to-day—tunicates, 
Amphioxus, etc.—are marine, inhabiting for the most part the shoal 
waters of the “cradle of evolution,” the shallow-sea (see page 71) 
zone, where they lead a wholly or partially sedentary life. That 
this is therefore the ancestral habitat seems at first sight plausible,? 
and yet within this area there is lacking the necessary physical or 
external stimulus to impel the evolution of the chordate charac- 
teristics. It was in view of this that Professor Chamberlin proposed 
his theory of ancestral habitat, which can best be stated in his 
own words. 

Chamberlin’s Theory.—Chamberlin argues for flowing land 


1 Doctor Matthew says, however, ““Whatever agencies may be assigned as 
the cause of evolution of a race, it should be at first most progressive at its point 
of original dispersal, and it will continue this progress at that point in response 
to whatever stimulus originally caused it and spread out in successive waves 
of migration, each wave a stage higher than the previous one. At any one time, 
therefore, the most advanced stages should be nearest the center of dispersal, 
the most conservative stages farthest from it.” 
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waters as the place of origin because of the strenuous dynamic 
condition constantly impressed upon their fauna. He says: ‘“Neg- 
lecting lakes, which are mere incidents, land waters are distin- 
guished by persistent and usually rather rapid motion in a fixed 
direction, and this is an insistent physical condition to which their 
fauna must adapt itself. Fortunately this adaptation must take 
a tangible form, whereas adaptation to the freshness of the water 
is accomplished by obscure modifications which are not as yet 
detectable. In flowing water, the animal must maintain its posi- 
tion against the current either by a contact of some resisting kind 
with the bottom of the stream, or must be provided with an effec- 
tive mode of propulsion competent to meet the constant force of 
the current without undue draft on the vital resources; otherwise 
the animal would be swept out to sea and its race be ended as a 
stream-dweller. It is different with ocean currents, for they re- 
turn upon themselves and an animal may yield to them without 
losing its marine habitat; and besides, they are usually much 
feebler than river currents. 

““A glance at the faunas of existing streams, which represent the 
outcome of ages of trial, shows only three prominent groups of 
animals that have accomplished the adaptation. The minor in- 
stances are negligible. The successful cases are, first and foremost, 
fish, second, certain molluscs that crawl on the bottom with firm 
contact, and third, certain crustaceans that are provided with 
numerous sharp claws that give them ready catch and hold upon 
the stream bed. The brachiopods that are free in youth, but ses- 
sile or pediceled in later life, the cephalopods that are floating 
or swimming forms, the corals, the crinoids, the echinoids, and many 
other sea forms of ancient history and long opportunity, have not 
made an effective entrance into the streams during geologic time; 
and this is probably not wholly, and perhaps not chiefly, due to 
the sweetness of the waters. 

“A compact form of body presents obvious advantages, except 
as environment or food or locomotion requires some departure 
from it, and the vast majority of animals are more or less rotund, 
and their locomotive devices are adjusted to this form. But the 
rotund form offers much resistance to rapid currents and unfits the 
animal for effective stream life unless it persistently hugs the bot- 
tom. Neither the rotund floaters and swimmers like the ancient 
cephalopods, nor the ciliated spawn of the sessile forms are well 
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adapted to resist the unceasing pressure of a rapid stream, and these 
are practically absent from river faunas. 

“There is only one conspicuous type that is facilely suited to 
free life, independent of the bottom, in swift streams, and that is 
the fish-form. The form and the motion of the typical fish are a 
close imitation of the form and motion of wisps of water-grass pas- 
sively shaped and gracefully waved by the pulsations of the current. 
The rhythmical undulations of the lamprey, which perhaps best 
illustrates the primitive vertebrate form, and is itself archaic in 
structure, are an almost perfect embodiment in the active voice 
of the passive undulations of ropes of river conferve. The move- 
ment of the fish is produced by alternate rhythmical contractions 
of the side muscles, by which the pressure of the fish’s body is 
brought to bear in successive waves against the water of the in- 
curved sections. In the movement of a rope of vegetation in a 
pulsating current, it is the pressure of the pulses of water against 
the sides of the rope that give the incurvations. The two phenom- 
ena are natural reciprocals in the active and passive voices. 

“The development in the fish of a rhythmical system of motion 
responsive to the rhythm impressed upon it by its persistent en- 
vironment and duly adjusted to it in pulse and force, is a natural 
mode of neutralizing the current force and securing stability of posi- 
tion or motion against the current, as desired. Beyond question the 
form and the movement of the typical fish are admirably adapted 
to motion in static water and that has been thought a sufficient 
reason for the evolution of the form, and so possibly it may be, 
but fishes in static water have not as uniformly retained the at- 
tenuated spindle-like form and the extreme lateral flexibility as 
have those of running water. Among these latter it is rare that any 
great departure from the typical ‘lines’ and from ample flexibility 
has taken place, while it is not uncommon in sea fishes. Among 
the latter not a few have lost both the typical form and the flexi- 
bility. The porcupine-fish, the sea-horse, the flounders, and many 
others are examples of such retrogressive evolution, which is doubt- 
less advantageous to them within their special spheres in quiet 
waters, but would quite unfit them for life in a swift stream. And 
if the view be extended to include the low degenerate forms, like 
the Ascidians [tunicates], that are by some authors classed as 
chordates, the statement finds further emphasis. 

“Tt is not difficult for the imagination to picture a lowly aggre- 
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gate of animal cells, still plastic and indeterminate in organization, 
brought under the influence of a persistent current and caused to 
develop into determinate organization under its control, and hence 
to acquire, as its essential features, a spindle-like form, a lateral 
flexibility, and a set of longitudinal side muscles adapted to rhythm- 
ical contractions, since these are but expressions of conformity and 
responsiveness to the shape and movement normally impressed by 
the controlling environment upon plastic bodies immersed in it. 
The necessity for a stiffened axial tract to resist the longitudinal 
contractions of the side muscles and thus to prevent shortening 
without seriously interfering with lateral flexibility, is obvious 
and is supplied by a notochord. Thus, by hypothesis, the primi- 
tive chordate form may be regarded as a specific response to the 
special environment that dominated the evolution of a previously 
indeterminate ancestral form.” 

Add to this hypothetical argument the fact that the first faunas 
of fossil fishes appear abundantly in sediments of inland waters or 
of littoral zones or embayed arms of the sea, and there is seen to 
be corroborative evidence that the place postulated by Chamberlin 
as the ancestral habitat may be assumed as correct. See also 
Epilogue. : 

Migratory Fishes.—The return of migratory fishes to their natal 
place for the purpose of bringing forth their own young is interest- 
ing, for the birthplace of the individual may also represent the an- 
cestral home of the race. Thus, shad, sturgeon, and salmon among 
the more familiar fishes are riverward migrants, when each year 
the procreative instinct awakens. The sea-lamprey also goes into 
the rivers to spawn, and that this is not altogether due to a desire 
to get into fresh water is attested by the fact that the fresh-water 
lampreys which inhabit Cayuga and other lakes in the northeastern 
United States ascend the tributary brooks and streams every 
spring for the same purpose, leaving in each instance static for 
dynamic waters. The only seaward migrant with which we are 
familiar is the common eel, which is river-inhabiting during the 
greater part of its life but spawns in salt water (see page 80). 
The eel, however, is a degenerate form whosé young undergo a 
remarkable metamorphosis, and during the long larval state its 
swimming powers are such as would render its retention of a fluvial 
habitat very difficult, hence, perhaps, the reversal of the ordinary 
conditions. As in those insects in which complete metamorphosis 
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prevails, a larva may represent neither the form nor the life-condi- 
tions of its ancestors. 


Ancestral Stocks 


Several theories have been advanced to set forth the claim of 
this or that invertebrate group to vertebrate ancestry, but none 
of them is at this time capable of adequate demonstration. Of 
these, three are based upon the assumption that a segmented 
ancestry is necessary to account for the segmentation seen in the 
vertebrate, an inference which is not necessarily true, as segmenta- 
tion may readily have arisen anew in the chordate phylum as a 
response to such conditions as those postulated by Chamberlin. 

Annelid Ancestry.—The hypothesis of annelid ancestry for the 
vertebrates derives the primitive chordate from the phylum Anne- 
lida, typified by the earth- and marine-worms. In many of the 
principal organs there is a marked correspondence, with the excep- 
tion of the general reversal of the relations of the various parts to 
one another. For, as we have seen, the relative position of blood 
and nervous systems is diametrically opposite in the vertebrate 
and invertebrate groups. But by postulating a physiological 
reversal of the animal—and we know that in the flounder and 
squid such a change from the morphologically normal posture 
can take place—the various organs of the worm may be brought 
into almost complete harmony with those of the vertebrate. Per- 
haps the greatest difficulty lies in the development of the noto- 
chord, but even this seems to have its annelid prototype in ‘‘the 
‘Faserstrang,’ a bundle of fibers running along the nerve chain 
and serving as a support. This and the notochord lie in a precisely 
similar position in relation to the other organs, and in both cases 
they are enclosed with the nerve cord in a common sheath of con- 
nective tissue”’ (Wilder). 

The reversible diagram shown in Figure 130 shows quite clearly 
this correspondence of parts. In the annelid position we see the 
mouth at m, from which the cesophagus arises, passing through 
the nervous system! and connecting with the long straight gut, HH, 
which terminates at the posterior end of the body at the anus, a. 
The nervous system consists of the large supracesophageal ganglion 
or brain from which nerve connectives run, one on either side of 
the cesophagus, to the ventral nerve chain. The main blood-vessel 
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lies dorsal to the gut and another lies beneath it. These are con- 
nected in the anterior region by semicircular pulsating vessels or 
“hearts” which cause the blood to flow forward in the dorsal 
vessel and aft in the ventral one. Reverse our diagram and the 
form becomes a vertébrate, the blood now flowing forward in the 
pulsating ventral aorta which serves as a heart, the ancient semi- 
circular “hearts” having relinquished their primal function for 
that of respiration, since the gill-slits arising between them make 
them the branchial vessels. As in the annelid, the mouth is again 
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Fic. 130.—Reversible diagram illustrating the annelid theory of vertebrate 
origin. Reversible symbols, applying to both forms: ZH, alimentary canal; S, 
brain; X, nerve cord. Annelid symbols: a, anus; m, mouth. Vertebrate 
symbols: NT, notochord; pr, proctodeum (anus and rectum); st, stomatodeum 
(mouth and pharynx). (After Wilder.) 


on the ventral side and this can only be brought about through 
the abandonment of the old and the formation of the new one by 
an inpushing of the body-wall at s¢ until communication with the 
gut is effected. This stomodeum (Gr. otéua, mouth, and dale, 
to divide) is balanced at the hinder end of the trunk by the new 
hind gut, the proctodeum (Gr. mpwx«tés, anus), pr, the ancient 
intestine in the tail region being aborted. 

The brain and nerve cord are the homologue of the supracesopha- 
geal ganglion and ventral nervous chain of the annelid. Indications 
of the ancient mouth are seen in several structures such as the 
neuropore in the embryo of Amphioxus, which forms in this place 
a direct communication between the cavity of the nerve cord 
(neuroccele) and the exterior and is otherwise unaccounted for. 
Other indications of the early mouth and its cesophagus are the 
fourth ventricle of the brain, a cavity which lies exactly in the 
place where in the diagram the annelid cesophagus pierces the 
nervous system, and also the hypophysis, a structure attached to 
the lower side of the mid-brain, part of which is pushed up from 
the alimentary canal, and for which there is as yet no satisfac- 
tory explanation. 

Add to all this the remarkable correspondence of the kidney 
tubes or nephridia of the annelids and vertebrates, and the evi- 
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Fic. 131.—Horseshoe crab, Limulus. A, dorsal, and B, ventral aspect. — 
(After Leuckart, from Parker and Haswell.) 


dence is presented. Wilder says in summation: ‘Convincing as 
these comparisons seem when taken by themselves, the influence 
of later investigation has tended rather away from the annelid 
hypothesis, and at present, although there are many investigators 
who seek the ancestor of vertebrates in some worm-like form, there 
are few who wish to definitely assert that this ancestor was an 
annelid.” 

Arthropod Ancestry.—In addition to the annelid theory, recent 
authorities have tried to prove vertebrate descent from Arthropoda, 
especially from the more primitive arachnoids such as to-day are 
represented by the scorpion and the horseshoe crab (Limulus, 
Fig. 131) and formerly by the extinct Merostomata (Fig. 132). 
By this hypothesis we must set aside as primitive such forms as 
Amphioxus and the cyclostomes and start with the highly spe- 
cialized ostracoderms which lived in Ordovician and Devonian 
times and thus were contemporaneous with and in general appear- 
ance and probable habits quite similar to the Merostomata. The 
soft parts of the Merostomata are of course unknown, but it is 
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reasonable to suppose that they were not unlike those of the re- 
lated scorpion and Limulus, and, as Patten has shown, especially 
in the brain and cranial nerves of vertebrates and the fused cepha- 
lothoracic ganglionic mass found in such arachnoids, there are 
many points of resemblance. 
Then, too, the sense organs, 
especially the eyes, are more 
or less comparable, and 
there is in Limulus an in- 
ternal skeletal piece known 
as the ‘“‘endocranium” or 
sternum which serves to pro- 
tect the central nerve com- 
plex, and which in general 
form and in its relation to 
other parts resembles the 
primordial vertebrate skull. 
Similarities also exist be- 
tween the heart and arterial 
systems of each group and 
the appendages may be 
conurpated. ~ ‘There, are; 
again, the very arthropod- 
like jaws which Patten has 
demonstrated in the ostraco- 
derm Bothriolepis, a type 
which, on the other hand, 
shows many vertebrate-like Fic. 132.—Eurypterid, Euryplerus fischeri, Si- 
characteristics; and the aa deere and Lydekker, from 
general arrangement of the 
plates by which the cephalothorax is covered is also very similar 
in the ostracoderms and contemporary arachnoids, but unfortu- 
nately for the argument Bothriolepis is a highly specialized end- 
form from the Upper Devonian. Nevertheless, while the arachnoid 
theory has been set forth by Gaskell (The Origin of Vertebrates, 
1908) and by Patten (The Evolution of the Vertebrates and their 
Kin, 1912), the main thesis has received thus far but little recogni- 
tion, although the evidence, especially in Professor Patten’s book, 
is based upon an admirably executed piece of research. 
Amphioxus Ancestry.—The theory of Amphioxus ancestry 
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places especial emphasis upon the notochord, the gill-slits, and the 
dorsal position of the central nervous system, and by means of these 
has traced the line of vertebrate ancestry through a series of transi- 
tional forms, externally very unlike one another and each some- 
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Fic. 133.—Ostracoderm, Plerichthys milleri, Lower Old Red Sand- 
stone, Scotland. A, dorsal, B, ventral, and C, lateral aspects. ap, pair 
of lateral appendages; 7, joint in appendage; m, supposed upper jaw, 
with notches for narial openings; 0p, operculum; or, orbits.) Restora- 
tion by Traquair.) 


what isolated in its systematic position (Wilder). Of these, Am- 
phioxus, the lancelet, stands nearest the true vertebrates, in fact 
it is nearest the diagrammatic vertebrate of any:living type, al- 
though, owing to certain specializations, it can hardly be considered 
a true stem-form. The lancelet was first described in 1778 as a 
shell-less snail or slug, and was named Limawx lanceolatus. It is an 
inhabitant of the shallow sea (see page 71), being found off the 
coasts of all parts of the world. There are sixteen known species, 
most of which are recorded from tropical and sub-tropical shores, 
mainly between latitudes 4o° N. and 40° S. In habits they are 
very sedentary, living for the most part partly buried in the sand 
or mud in a nearly erect posture, with the anterior end protruding. 
Aside from their primitive character, their world-wide distribution, 
coupled with sedentary habits, points to a very great antiquity. 
As fossils, however, they are thus far entirely unknown and prob- 
ably always will be. 
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Description of Amphioxus (see Fig. 129).—The body is lanceolate, 
compressed, without a distinct head, but with an expansive hood-like 
structure surrounding the mouth, which is situated beneath the snout. 
There are no paired fins; but a pair of longitudinal folds, the metapleures, 
one on either side of the body along the ventral margin, suggest their 
possible origin. ‘There is a slight median fin running along the back and 
supported by delicate skeletal elements membranous in character. 
Around the tail this fin expands into a caudal which extends forward on 
the ventral side beyond the anal opening, thus displacing the latter to 
the left of the median line. 

A conspicuous feature is the regular segmentation of the muscular 
system, plainly visible through the transparent skin, the side’ muscles 
being divided into a large number (64+) of. V-shaped myomeres (Gr. 
pos, muscle, and pepos, part), each with the apex pointing forward. 
These do not precisely correspond on the two sides of the animal, and by 
their successive contraction and relaxation they produce the undulatory 
movement of the body by means of which locomotion is effected. The 
notochord has already been described and also the fact of its continua- 
tion to the extreme end of the snout, instead of ceasing beneath the mid- 
brain as in all higher vertebrates (Craniata). 

Lying along the dorsal side of this notochord and enclosed with it in a 
connective tissue sheath is the central nervous system, comparable to 
that of fishes except that it lacks an expanded brain other than a slight 
enlargement known as the archencephalon. The only definite sense 
organs are an olfactory pit on the left side and a single median pigment 
spot which serves for the perception of light transmitted through the 
transparent body. 

The alimentary canal lies beneath the notochord, and consists of the 
mouth and a large pharynx that extends more than half the length of the 
body and is pierced by numerous gill-slits (60-80 or more pairs) running 
obliquely and stiffened by a complex of skeletal bars. ‘These bars are 
formed of a material which resembles chitin and are thus more inver- 
tebrate- than vertebrate-like in character. Along the ventral wall of 
the pharynx lies the endostyle, a groove-like organ composed of ciliated 
cells and others secreting a viscous material which serves to entangle 
minute particles of nutrient matter that are carried into the mouth with 
the respiratory water current. The adhesive material with its contained 
food is swept into the intestine by the movement of the cilia and thus 
the endostyle subserves a very important nutritive function. The in- 
testine runs directly backward, terminating in the laterally situated anus. 
There also arises from it ventrally a hollow outpushing known as the liver. 

The circulatory system is comparable to that of other vertebrates but 
is much simpler, and the heart is represented by a pulsatory ventral 
aorta lying beneath the pharynx. The blood, however, is colorless. 
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It will thus be seen that Amphioxus is a very simple “verte- 
brate,” specialized a little along certain lines, but with several 
structures of such fundamental importance that they must be 
borne in mind in our search for yet more primitive forms. These 
structures are the notochord, the dorsally situated nerve cord, 
and the pharynx perforated by gill-slits and provided with an 
endostyle. 

The only other creatures (except Balanoglossus, see page 474) 
now existent which possess these structures during any part of their 
career are the tunicates, some of which are planktonic, others 
mero-planktonic, in that while they have active larve they soon 
settle down and become wholly sedentary in their habits. These 
sedentary forms, curiously enough, have retained more of their 
primitive characters than those which are planktonic, as their 
larve are comparatively undifferentiated. The free-swimming 
forms, on the other hand, are often modified in a remarkable way 
and may have so complex a life-history that the old-time chordate 
characteristics have almost entirely disappeared. They always, 
however, possess the gill-slits and endostyle, except in certain 
locomotive individuals among the colonial types, which, like the 
swimming bells (nectocalices) of the Siphonophora (see page 45), 
have lost all organs except those of propulsion, that is, the muscles, 
nerves, and sense organs. 


The sedentary tunicates (ascidians) are sac-like forms with two aper- 
tures, one terminal and inhalent, the other somewhat removed and ex- 
halent. The inhalent orifice functions as a mouth through which water 
for respiration and bearing nutrient particles enters the spacious pharynx. 
The latter possesses innumerable gill-slits, the ventral endostyle, and a 
corresponding groove on the dorsal wall, the dorsal lamina, which, how- 
ever, possesses no gland cells but only the ciliated ones. Surrounding 
the pharynx, as in Amphioxus, is the atrium or cloacal cavity wherein 
the water which penetrates through the gill-slits collects to be passed 
out through the exhalent orifice or atriopore. The cloaca also receives 
the rejectamenta from the simple intestine and the reproductive and waste 
products. There are no sense organs and the nervous system is reduced 
to a single ganglion lying between the inhalent and exhalent apertures, 
while the notochord is not represented at all. The name tunicate comes 
from the test or tunic which surrounds the entire animal and is compar- 
able to the shell of a mollusc in that it is formed by the body-wall or 
mantle. This test is unique in that it is made up of a substance closely 
comparable to the cellulose of the plant. 
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Hence, while the adult 
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tunicate shows certain Amphioxus-like 


characteristics, it is the larva in which these are particularly em- 
phasized, for in this stage the creature, which is tadpole-like, 
possesses a well developed notochord,segmented muscles, and a pro- 


longed nerve tube with a 
brain-like vesicle forward 
which contains a pigment 
spot and another organ, 
possibly for balancing. 
The gill-slits are much 
fewer in number than in 
the adult and the endo- 
style lies in its normal 
position. The heart 
also lies ventrally and 
just behind the cesopha- 
gus. 

But this comparatively 
high organization is re- 
tained for a very brief 
time, a few hours only. 
Then the creature settles 
down on a pair of adhe- 
sive papille and under- 
goes a marked retrogres- 
sive metamorphosis (Fig. 
30) during which it loses 
tail, notochord, and seg- 
mental muscles; the nerve 
tube is reduced to a single 
ganglion, the sense organs 
disappear, the gill-slits in-, 
crease in number, and the 
animal, after relinquish- 
ing practically all of the 


Diagram of longi- 
Test and mantle 
removed. an, anus; alr, atrium; ars, atrial (exhal- 
ent) siphon; gon, gonoduct; ht, heart; hyp, hypophy- 
sis; m, mantle; mg, nerve ganglion; w, oesophagus; 
os, oral (inhalent) siphon; ov, ovary; rect, rectum; 
stig, stigmata (pharyngeal perforations); stom, 
stomach; fest, test or tunic. (After Parker and 
Haswell.) 


Fic. 134.—Tunicate, Ascidia. 
tudinal section from left side. 


organs that serve to link it with the 


vertebrates, degenerates into what is virtually an invertebrate 
form. It is, however, evident that the tunicates represent a group 
more or less closely allied to Amphioxus, and hence to the other 
vertebrates, but that since the time of the common ancestor they 
have taken a divergent road, resulting in a type of degenerate 
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Fic. 135.—Balan- 


oglossus. br, bran- 
chial region; co, col- 
lar; gen, genital ridg- 
es; hep, prominences 
formed by hepatic 
(liver) caeca; pr, pro- 
boscis. (After Spen- 
gel, from Parker and 
Haswell.) 
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adult whose real affinities are masked by its spec- 
ializations. Thus, as Wilder says, “The ancestor 
that we here seek is better seen in the larva than 
in the adult, and we may believe that there once 
existed an adult animal with attributes like that 
of the tunicate larva of the present day, and that 
this animal was the direct ancestor of that group 
of which Amphioxus is now the only living 
representative.” 

Back of the tunicate ancestor there is but one 
known form which may or may not be near the 
main ancestral line. This creature is Balanoglos- 
sus, @ marine worm that lives between high and 
low water marks in fragile tubes of cemented sand. 


Balanoglossus is elongated without internal seg- 
mentation, but the body is divided into four regions 
(see Fig. 135), the burrowing proboscis, a collar with 
a free anterior edge, a flattened gill region, and a 
posterior trunk. The mouth is situated just beneath 
the edge of the collar on the ventral side and receives 
sand with its contained organic débris. There is a 
large pharynx communicating with the exterior by 
two lateral rows of gill-slits supported by a skeletal 
structure comparable to that seen in Amphioxus. 
Owing to the fact that nowhere except among the 
chordates do such structures occur, naturalists have 
sought in this animal for the other two chordate 
characteristics, the notochord and dorsal nervous 
system. The latter is apparently represented by a 
very generalized system of nerve fibers and cords 
somewhat emphasized on the dorsal side, but there is 
no evidence of the neuroccele. The notochord is sup- 
posed to be represented by a small outgrowth aris- 
ing from the dorsal wall of the pharynx and extending 
forward into the proboscis. As Wilder says, this sup- 
position has been greatly strengthened through the 
recent discovery of an allied form belonging to a new 
genus (Harrimania) in which the outgrowth is much 
larger, and, in its mode of origin, strikingly similar to 
the true vertebrate notochord, and thus without much 
doubt homologous with that organ. Wilder further 
says: 
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Fic. 136.—Comparison of Tornaria larva with larval echinoderms. 
Main ciliated bands in black; lesser systems cross-lined. Ventral as- 
pect: A, Tornaria; B, Auricularia (sea-cucumber); C, Bipinnaria 
(star-fish). Lateral view: A’, Tornaria; B!, Auricularia; C!, Bipin- 
naria. (After Wilder.) 


“From the testimony afforded by the structure of Balanoglossus and 
its allied genera (the group Enteropneusta) it may be quite confidently 
asserted that these forms lie nearly in the line of vertebrate descent, and 
represent an earlier stage than that of the tunicates. But here the chain 
seems to end, for Balanoglossus is itself unusually isolated and shows no 
close affinity to any other invertebrate types.” 


There is but a single rather slender clue to the ancestry of Bal- 
anoglossus, and that is again afforded by its embryology, for here 
there is a peculiar ciliated larva, the so-called Tornaria, which shows 
a very marked resemblance to the larve of the echinoderms (Fig. 
136), and the universal occurrence of this larva within the latter 
group shows that, whereas they are all to-day, with rare exceptions, 
either sedentary or vagrant benthos, as their radial symmetry 
implies, they are descended from a pelagic bilaterally symmetrical 
ancestry. Thus, according to this belief we may “accept as a very 


476 ORGANIC EVOLUTION 


ancient common ancestor of both echinoderms and vertebrates the 
form which all these larvae may be said to copy; a form having the 
characteristics common to all, including bilaterality, minute size, 
transparency, locomotion by bands of cilia, and pelagic life. The 
lineal descendants of this hypothetical ancestor chose two paths, 
the one leading to the Echinodermata, the other to Balanoglossus, 
the Tunicata, Amphioxus, and eventually the Vertebrata”’ (Wilder). 

While this theory is incomplete in many details, it has strength 
where the other hypotheses are weakest in that it is based not alone 
upon adult structure but upon ontogeny as well. The weakest link 
in the chain of evidence is that which binds Balanoglossus to the 
echinoderms—the Tornaria larva—because the adult structures are 
so remote and the echinoderms give not the slightest clue in their 
bodily make-up to chordate affinities. However, the majority of 
workers hold to the reasonableness of this theory. Thus it will be 
seen that this most interesting problem, the origin of vertebrates, 
is still far from solution; nevertheless the hypothesis here presented, 
the record of which has almost vanished, seems to indicate the 
course of evolution. 
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CHAPTER XXIX 
EMERGENCE OF TERRESTRIAL VERTEBRATES 


Next to the origin of the vertebrates from their ancient ancestry, 
the greatest and most dramatic event in all their history is the emer- 
gence from the old limiting aquatic environment and the subse- 
quent adaptation to subaérial existence. The sea is so changeless 
and the range of its conditions so small that evolution within it is 
not stimulated as it is on land. Adaptive radiation of submarine 
creatures can accomplish but little; we have seen, on the other 
hand, what it means on the part of air-breathing forms. 


Place of Emergence 


The three problems which come to mind are the place, the im- 
pelling cause, and the time of this important event, and of these the 
first has been established, for while certain creatures have forsaken 
the sea and, crossing the strand, become adapted to subaérial 
life, such instances are rare and in no case do they embrace all of 
the members of a class or phylum, but isolated genera or even 
species only. Such, for example, are the land crabs, Birgus latro, 
etc., several species of which live in damp woods far from all water 
and, as they are found on islands which, like the Dry Tortugas, 
are bereft of any permanent terrestrial waters, must in the main 
’ have had their initial air-breathing adaptation along the strand. 
The terrestrial vertebrates, however, apparently did not so emerge, 
but rather were descendants of inhabitants of land waters, for in 
such a habitat alone can we find a sufficiently great impelling cause 
for an evolution so far-reaching and radical in its ultimate results. 
Furthermore, as we shall see, the ancestral habitat could not have 
been within the limits of the tidal zone but was beyond the influence 
of the sea. 


Impelling Cause 


Enemies in the Water.—Barrell has discussed the probability 
of several possible causes which may have led to the emergence of 
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the vertebrates. Of these, the first is enemies in the water, which 
he deems inoperative, for among land-going fishes of to-day those 
few which crawl on land do not do so to escape their enemies. He 
also emphasizes the balance which always obtains between carniv- 
orous and herbivorous creatures of a given habitat, and the fact 
that the amphibia go back to the waters to bring forth their young 
and the youngest and therefore the most helpless stages are spent 
in the waters. Add to this the fact that the earliest amphibia which 
are known from their skeletons, the Stegocephalia, are in many 
instances powerful armed carnivores themselves, and their forsak- 
ing of the ancient habitat for personal safety seems hardly ade- 
quate. 

Food on the Lands.—Food on the lands is further considered an 
inadequate cause. Here the argument lies in the rarity of the pas- 
sage of crustaceans, gastropods, and vertebrates from a truly 
marine to a truly terrestrial mode of life through the ever present 
path of the tidal zone, which seems to prove thatthe unused though 
increasingly abundant food of the land realm can not operate as a 
sufficient cause for this change, nor so far as this factor is con- 
cerned do the river faunas have a clear advantage over those of 
the tidal zone. 

Lure of Atmospheric Oxygen.—That the lure of atmospheric 
oxygen is also inoperative is proved by the small direct use made of 
air for respiration by pelagic marine fishes even when they—the 
flying fishes, for instance—live an active life near the surface and 
in frequent contact with the air. It is especially in fresh-water 
fishes that accessory respiratory organs are employed and their 
use is in direct relation to the varying impurity of the waters in 
which they live. This varying impurity, which often means a pau- 
city of respirable oxygen in the water, is literally impossible in ma- 
rine waters. Streams may locally contaminate the adjacent waters 
by their load of sediment or other impurities, but they can not 
seriously lessen the degree of aération. Then, too, marine fishes 
are never confined to such localities, but can migrate should condi- 
tions become unsuitable; while with fresh-water fishes this may not 
bestrue: 

Recurrence of Unfavorable Environment.—The real cause, 
therefore, seems to be not the need of safety or food, nor the desire 
to breathe atmospheric oxygen, but rather an adaptation which has 
been forced repeatedly to a greater or less degree upon fishes by the 
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recurrence of an unfavorable environment, instead of one assumed 
within a constant environment merely because of inherent advan- 
tages. Hence it appears as though the emergence were com- 
pelled by oscillations in the environment as measured by the 
varying content of dissolved oxygen in the land waters, and the 
question arises whether such oscillations occur and, if so, under 
what climatic conditions. The climate postulated does occur in 
various parts of the world, but is, as Barrell has shown, neither 
arid nor humid, but semiarid—conditions which are found in the 
tropics especially, where instead of the fourfold change of seasons 
whose determining factor is temperature there are alternate seasons 
of drought and copious rain, occurring in definite cycles. In such 
a region during the rainy season the streams would be high and fully 
aérated, but when the rains ceased the waters would gradually 
slacken their current until instead of a flowing river of pure water 
there would be a succession of stagnant water pools in which the con- 
centrated plant and animal life would die and by its decay charge 
the waters with impurities and exhaust their free oxygen. Thus 
we would get a great fluctuation of oxygen content and so a very 
variable environment in its ability to support water-breathing life. 

Under such conditions, if life existed, a high premium would be 
placed upon powers of estivation, or torpidity induced by summer 
heat and dryness, or of breathing the atmosphere, or both com- 
bined; and a rapid elimination of the unfit, that is, of such as did 
not possess even the rudiment of this power, would occur. 


Ar-breathing Fishes 


There are among existing fishes a number possessing supplemen- 
tary respiratory organs which may be one of two structures: either 
(1) spongy outgrowths of the gills which can retain moisture and, 
as long as it is retained, utilize the free oxygen of the air for the 
aération of the blood; or (2) a modified swim-bladder which may 
have one of several functions but whose principal purpose is a hy- 
drostatic one—to maintain the fish at a given level in the water. 

Teleosts.—The first of these structures, that of the accessory 
organ connected with the gills, is found exclusively in teleostean 
fishes, a group in which the air-bladder never subserves a respira- 
tory function. Several such teleosts exist, among them the climbing 
perch, Anabas scandens (Fig. 137), and the mud skippers, Peri- 
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ophthalmus and Boleophthalmus, but they are generally fishes which 
voluntarily leave the waters for migration or in pursuit of food, and 
rarely is their evolution the result of adaptation to the environmen- 
tal conditions postulated above. 

The swim-bladder, on the other hand, is entirely absent in the 
two groups known as cyclostomes and elasmobranchs and, as we 
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Fic. 137.—Climbing perch, Anabas scandens, with gill-cover (operculum) removed 
e to show accessory respiratory organ. (After Jordan.) 


have seen, is never of respiratory value in the teleosts, so that its 
function in this direction lies in the groups between, in other words, 
among ganoids and dipnoans or true lung-fishes, and these fishes 
are to-day all denizens of semiarid tropical climates, living under 
conditions of varied water aération arising in the way we have 
described. These air-breathing fishes are of such importance to 
our argument, and are so few, and represent so ancient a group or 
groups withal that some account of the individual species is worthy 
of record. It should be borne in mind, however, that these are relic 
forms, representative of Devonian time when all fresh-water fishes 
belonged to one or the other of these two groups. 

Ganoids—The ganoids of especial note are specifically of the 
order Crossopterygii, or the fringe-finned ganoids, and include but 
two related genera, Polypierus and Calamoichthys, both African 
in distribution. Of them the better known is Polypterus (Fig. 138), 
of which there are several species. P. bichir “haunts the deeper 
holes and depressions of the muddy bed of the Nile, although it is 
not essentially a bottom-liver or mud-fish. It is most active at 
night when in search of food, and then it may readily be taken by 
trawl-lines. The lobate pectoral fins are used for progression, but 
their primary function is to act as balancers, and they exhibit the 
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characteristic trembling movements so often seen in the balancing 
fins of teleosts. Polypterus does not readily live out of water, 
rarely longer than three to four hours, and then only when covered 
with damp grass or weeds. P. bichir is said to feed on small teleosts, 
which it swallows whole, and to these there may be added, in other 
species, batrachians and crustaceans. The observations of Budgett 
show that in captivity Polypterus often remains motionless for a 
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Fic. 138.—African crossopterygian fish, Polyplerus delhezi, Kongo River. (After 
Jordan.) 


long time at the bottom of the water, the anterior part of the body 
resting upon the tips of the pectoral fins. According to the same 
observer, the air-bladder is an accessory respiratory organ, supple- 
mentary to the gills, rather than a hydrostatic organ” (Bridge). 
This air-bladder is a diverticulum or out-pushing of the gut, and 
in the Crossopterygii arises from the ventral side of the gullet and 
is a paired structure exactly as in the amphibian lung. It is not, 
however, cellular and is thus a very inefficient respiratory organ. 

In the genus Calamoichthys the body is elongate and eel-like in 
shape. The pelvic fins are entirely lacking but the pectorals and 
the series of dorsal finlets are comparable to those of Polypterus 
except that the latter are relatively fewer. Calamotchthys has a 
more restricted distribution than Polypterus, being’ confined to 
certain rivers in West Africa such as Old Calabar River and those 
of the delta of the Niger’on the coast of Kamerun. It is a very 
agile fish, swimming like a snake and subsisting on insects and 
crustaceans. The name signifies palm-fish, from its frequenting 
the roots of the palm trees. 

Neither Polypterus nor Calamoichthys is known fossil, but the 
group Crossopterygii to which they belong once included a large 
number of important fishes. Of these Holoptychius of the Devonian 
is interesting because of the intricate infolded structure of the 
teeth, which has a striking parallel in those of certain amphibia 
(labyrinthodonts). Undina, another form from the Upper Jurassic, 
exhibits a well developed air-bladder in the fossil specimen. 
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Dipnoans.—Of the dipnoans or true lung-fishes three genera 
only are extant but they never were as numerous as the Crossop- 
terygii. The living forms are, first, the Australian genus Ceratodus, 
or, to be more accurate, Neoceratodus forsteri (Fig. 139), the bar- 
ramunda, which is now confined to the Mary and Burnett rivers 
in Queensland. This form “frequents the comparatively stagnant 


Fic. 139.—Australian lung-fish (dipnoan), barramunda, Neoceratodus forstert. 
(After Dean.) 


pools or water-holes which alternate with shallow runs and are 
usually full of water all the year round. In these pools, filled with 
a rich growth of aquatic vegetation, and often the favorite haunt 
of the platypus (Ornithorhynchus), the fish is fairly abundant. In- 
active and sluggish in its habits, usually lying motionless on the 
bottom, the fish is easily captured by the natives with hand-nets or 
baited hooks. Neoceratodus lives on fresh-water crustaceans, 
worms, and molluscs, and to obtain them it crops the luxuriant 
vegetation of the water-holes much in the same way that a poly- 
chet [worm] or a holothurian [sea-cucumber] swallows sand for 
the sake of the included nutrient particles. Apparently the air- 
bladder is a functional lung at all times, acting in conjunction with 
the gills. At irregular intervals the fish rises to the surface and 
protrudes its snout in order to empty its lung and take in fresh air. 
While doing so the animal makes a peculiar grunting noise, ‘spout- 
ing,’ as the local fishermen call it, which may be heard at night for 
some distance, and is probably: caused by the forcible expulsion 
of air through the mouth. Useful as the lung is as a breathing 
organ under normal conditions, there can be little doubt that its 
value as such is much greater whenever gill-breathing becomes 
difficult or impossible. This seems to be the case during the hot 
season, when the water becomes foul from the presence of decom-. 
posing animal or vegetable matter. Semon records a striking 
instance of this in the case of a partially dried-up water-hole, in 
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which the water had become so foul that it was full of dead fishes 
of various kinds. Fatal as these conditions were to ordinary fishes, 
Neoceratodus not only survived, but seemed to be quite healthy 
and fresh. Such observations are of exceptional interest. Not 
only do they afford a clue to the conditions of life which, in the 
course of time, probably led to lung-breathing in Neoceratodus, 
but they also suggest the possibility that a similar environment 
has been conducive to the evolution of air-breathing vertebrates 
from gill-breathing and fish-like progenitors. 

“Tn spite of its pulmonary respiration, Neoceratodus more closely 
resembles the typical fishes in its habits than any other Dipneusti. 
It lives all the year round in the water. There is no evidence that 
it ever becomes dried up in the mud, or passes into a summer sleep 
in a cocoon, and the well developed condition of its gills suggests 
that these organs play a more important réle in breathing than in 
either Protopterus or Lepidosiren. The fish is not known to leave 
the water, and the paired fins, useful no doubt as paddles, are quite 
incapable of supporting the bulky body on terra firma. In fact, 
when Neoceratodus is taken out of its natural element it seems to 
be more helpless than most other fishes, and in spite of its capacity 
for lung-breathing, soon dies unless kept moist by artificial means ” 
(Bridge). Neoceratodus grows to a length of 5 to 6 feet. 

Ceratodus, a fossil ally, Mesozoic in age, was very wide-spread 
compared with the limited distribution of its living congener. Its 
very characteristic crushing teeth occur in the Trias of England, 
Germany, India, and South Africa, and also, more rarely, in the 
Upper Jurassic and Comanchian strata of England and in Colo- 
rado and Wyoming (Morrison formation). Its remains are often 
found associated with those of carnivorous dinosaurs, but the sig- 
nificance of this is not clear. 

Protopterus and Lepidosiren, which represent a separate family 
of lung-fishes, the Lepidosirenide, differ from Neoceratodus in that 
the air-bladder is a double organ, while in the latter it is single. 
Protopterus (Fig. 140) is the African lung-fish, and has a wide dis- 
tribution ranging from the river Senegal and the White Nile on 
the north to the Kongo basin, Lake Tanganyika, and the Zambesi 
on the south. The three known species live in marshes in the 
vicinity of rivers. They are carnivorous,- their food consisting 
mainly of frogs, worms, insects, and crustaceans, but when confined 
together they are very apt to display cannibalistic traits. The 
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tail is the chief locomotor organ and they are remarkably agile and 
quick in their movements. The limbs are useless for swimming 
but are used for crawling over the bottom. Then they show a 
definite elbow- or knee-like flexure at about mid-length. 

Protopterus (Fig. 140) ascends to the surface from time to time 
to breathe air into its lungs. In the dry season, however, it bur- 


Fic. 140.—African lung-fish (dipnoan), Protopterus annectans. (After Miall, 
from Dean.) 


rows into the mud to a depth of about 18 inches where it forms a 
lining to the cavity in which it lies in the form of a capsule of hard- 
ened mucus secreted by skin glands. This capsule has an aperture 
the margins of which are pulled inward to form a short tube 
that is inserted between the fish’s lips. The fish within the capsule 
is surrounded by a soft slimy mucus which keeps the skin moist, 
while respiration is effected by drawing the outer air through bur- 
row and tube into the mouth and thence to the lungs. The lungs 
are, therefore, the sole means of respiration during the period of 
estivation, while the body-fat and muscle-tissues of the fish, as 
in the case of hibernating mammals, supply it with the necessary 
food. The dry season varies, but lasts in general from August to 
December, nearly half the year. When, with the advent of the 
rainy season, the marshes once more become flooded, the capsule 
is dissolved, Protopterus emerges from its burrow, and resuming its 
active life, very soon begins to provide for its coming young. The 
larvae have much the appearance of a young salamander, with four 
pairs of external cutaneous gills and two pairs of simultaneously 
developed limbs. It also has chromatophores in the skin whereby 
its color may be changed. As in the salamander, the assumption 
of lung-breathing is marked by a reduction of the cutaneous gills, 
which takes place about seven weeks after the eggs are deposited. 
Protopterus attains a length of about 6 feet. 
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Lepidosiren, the mud-fish, with but a single species to its credit, 
is a South American form, occurring along the course of the main 
Amazon, entering some of its larger tributaries and also the Chaco 
Boreal to the west of the Upper Paraguay River. “The home of 
the Lepidosiren (or ‘Lolach,’ as the natives call the fish), of the 
Chaco country, is to be found in the wide-spreading marshes and 
swamps, which for a great part of the year are almost choked by a 
luxuriant growth of their own peculiar vegetation and covered by a 
floating carpet of surface weeds, with here and there deeper and 
clearer water and slow-flowing streams. In the dry season the water 
gradually shrinks and the swamps eventually become dried up. 
Of sluggish habits, the fish wriggles slowly about at the bottom of 
the swamp like an eel, using its hind limbs in an irregular bipedal 
fashion as it wends its way through the dense network of suba- 
queous plants. Lepidosiren is not exclusively carnivorous. The 
large fresh-water snail Ampullaria, which lives in the swamps in 
enormous numbers, seems to be its favorite food; but masses of 
confervoid alg are also eaten, and in its earlier stages it is prob- 
able that the fish is more herbivorous than carnivorous” (Bridge). 
Lepidosiren rises to the surface at intervals to breathe, the rate 
varying with the degree of impurity of the water. It feeds 
voraciously during the rainy season, storing up a supply of fat 
against the period of zstivation, which is passed in a deep tubular 
burrow, much as with Protopterus. The entrance to the burrow in 
this case, however, is closed by a plug of clay perforated by several 
holes. On the coming of the waters the plug is pushed out and the 
fish escapes. Development is quite similar to that of Protopterus 
and in each case parallels the amphibia very closely. There are 
many other parallelisms of structure and habits between the two 
groups, so many in fact that, as Dean says, it is almost impossible 
to look upon them as of no greater significance than convergences. 

Lepidosirenid# are as yet unknown as fossils, but there is reason 
to believe that their evolution from the older Dipneusti has been 
in a manner retrogressive. Dzipterus, the most ancient of lung- 
fishes, may be taken as a starting point and Dollo has selected a 
remarkable series of genera, Scawmenacia, Phaneropleuron, Urone- 
mus, Ceratodus (Neoceratodus), Protopterus, and Lepidosiren, in 
which the evolutionary sequence agrees perfectly with their suces- 
sion in time. Back of Dipterus lies an unknown ancestry, but one 
which probably falls within the group of crossopterygian ganoids 
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of which Polypterus and Calamoichthys are the living representa- 
tives. The trend of evolution among the Dipneusti, if one may 
judge from Lepidosiren, is leading to an elongated eel-like type, 
which will be both limb- and scale-less, all of which features are 
indications of racial senescence. These two interesting groups of 
air-breathing fishes, the Crossopterygii and Dipneusti, are both 
on the eve of their racial passing. The lesson which they teach, 
however, is of great significance and brings us back once more to 
the theme of our discussion—that of the most momentous emer- 
gence in prehistory; and our inquiry now leads us to a consideration 
of the probable time of emergence. 


Time of Emergence 


The evidence here is twofold: first, the fossil record, and second, 
the geologic evidence of climatic conditions such as we have as- 
sumed. 

The fossil evidence, which will be reviewed in greater detail 
later, points to a time earlier than Upper Devonian, for it is upon 
sediment referable to that period that the earliest known footprint 
of a terrestrial vertebrate has been impressed. The time of emer- 
gence therefore can not be later than the age of this footprint, and 
from the nature of things must somewhat antedate it, although 
how much we have no means of knowing, as it was a time of accel- 
erated evolutionary change. 

The climatic evidence points to the same result, for, as Barrell 
has shown by a careful study of the sediments and of other phenom- 
ena connected with the rocks of Devonian age, these were times of 
warmth and seasonal rainfall tending toward more marked semi- 
aridity of climate in the Upper Devonian. There is, moreover, found 
to be a concurrent elimination of sharks from fresh waters with a 
consequent dominance of dipnoans and crossopterygians in the 
fish fauna. Of these fishes certain could and did adapt themselves 
after the manner of their living descendants to the increasingly 
long dry seasons, until the latter became so long that the period of 
activity was not commensurate with the creature’s life needs. Then 
came the emergence, for instead of estivation the animal must 
adopt some other mode of life which would prolong the time of its 
activity in spite of the climatic restrictions. Thus the more ambi- 
tious among the lung-breathers, not content with the limitations 
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imposed upon their lives, emerged from the age-long aquatic home 
and ventured into the new and untried habitat. Many may have 
essayed the emergence, but it is probable that relentless nature, 
weeding out the less fit for so valorous an undertaking, destroyed 
all but a single sort, for there is no evidence that the ancestry of the 
amphibia is to be found in more than one evolutionary lineage. 


Ancestry 


In spite of the many similarities which exist between the Dip- 
neusti and the amphibia, there are few authorities who hold to a 
possible direct derivation of the one from the other, for very serious 
anatomical difficulties stand in the way, one of which is the very 
peculiar and specialized type of limb, the archipterygium, which 
this group of fishes possess, and out of which it is seemingly im- 
possible to construct the terrestrial hand or foot. The Crossop- 
terygii, on the other hand, exhibit fewer of these obstacles, in fact, 
there are practically none which evolution can not overcome. The 
general consensus of opinion, therefore, would derive the land- 
dwelling forms either from the Crossopterygii as such or possibly 
from some, as yet undiscovered, related group. 


Changes upon Emergence 


Partial Loss of Armor.—The essential changes undergone by 
the emerging form were, first, partial loss of armor, for while the 
earliest amphibians, the Stegocephalia (Gr. oTéyewv, to cover, and 
xepanr, head) are armored, the armor is confined mainly to the 
head as the name signifies, to the breast girdle, and to oblique 
rows of small scales, chiefly on the under side of the trunk and tail. 
There is no evidence of their having possessed the heavy enameled 
scales of the ganoid ancestor. 

Loss of Unpaired Fins.—The unpaired fins are of course strictly 
of aquatic use and their loss upon emergence is to be expected. 
They do, however, recur in forms which, filled with Heimweh, have 
returned to their ancestral habitat. Thus certain salamanders show 
a rather well developed caudal web of skin which in the crested 
newt extends forward along the back, and many aquatic larve, 
those of frogs and toads, also have well developed unpaired fins. 
But these are new structures which have arisen in response to 
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immediate need and bear no genetic relationship to the equivalent 
fins of fishes, the principal proof thereof lying in the fact that there 
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Fic. 141.—Right pectoral fin of Sauripterus taylori, Upper Devonian. cl, 
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is no trace in the amphibian of supporting fin-rays such as all fish- 
fins show. 

Development of Terrestrial Limb.—One of the most essential 
changes upon emergence was the modifi- 
cation of the paired fins of the fish ancestor 
to support the body on the mud, a function ! 
to which they were clearly inadapted in N 
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their original condition. ‘The paired fins N 
of the Dipneusti are, as we have seen, ar- 
chipterygia, that is, having a long, jointed, 
bony axis, on one or both sides of which 
arose a series of parallel rays to support 
the fin membrane. Such a type of limb, 
while it may be used as a prop or for slow 
crawling propulsion in a water-borne form, 
is in no known instance of suitable strength 
to support the entire weight of the animal eo eae 
when out of water, nor is it of sufficient 5. hot Ties toe 
surficial area to carry its owner over soft ‘iquus, with two fully formed 
mud, for here a broad member is necessary. “lsits, 1 and II, a budding 
third, III, and a possible ru- 
Then, too, the skeletal elements are such diment of a fourth,IV. Up- 
that one can not see the slightest prophecy per Devonian of Pennsyl- 
therein of the standard framework of the ¥2™- One-half natural size. 


‘ Originalin Yale University 
terrestrial foot. Museum. 
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With the crossopterygians, on the other hand, this is not true, 
for here the limb is different, having a broad basal lobe containing 
several bones and a fringe-like expansion so arranged that a much 
more adequate support is already present, even in the fish stage of 
evolution. It is particularly in the pectoral fin of the fish Saurip- 
terus taylori, Figure 141, from the Upper Devonian, that the ter- 
restrial limb is foreshadowed, the shoulder-bones corresponding 
bone for bone, the single proximal bone of the fin 
to the humerus, the next two to the radius and 
ulna, and the remainder, or some of them, to the 
bones of wrist, palm, and digits. Certain bones 
have naturally been lost and others added, and 
the entire fin-rayed portion of the limb abandoned 
with the relinquishment of the swimming func- 
tion; but the whole metamorphosis requires no 
undue tension of the imagination. The actual 
transitional limb is as yet unknown to us, but 
the most ancient footprint, Thinopus (Fig. 142), 
is certainly not that of a completely evolved foot 
and may thus throw light upon the process of 
evolution. This footprint, while giving no clue Fic. 143.—Foot of 
to the skeleton of the upper and lower arm and 2, TePtile, Ranodon 
; 5 j Ene sibericus. f, fibula; 
wrist, does give a very adequate idea of the digital 4, femur; ¢; tibia; r, 
structure, which is highly peculiar. There are 2, 3, 4, digits 1-4. 
but two completely formed fingers, probably the ‘ter Wiedersheim.) 
first and second, the cleft between them extending deep into the 
sole of the foot. The phalangeal pads and a rounded, terminal, 
claw-like portion are already developed and there appears on the 
outer side of digit II the rudiment of a third, as though it arose 
there as a lateral bud, and below this on the outside of the foot 
the possible Anlage of digit IV. 

If this is a normal footprint, as we may suppose it to be, it seems 
to prove that the terrestrial foot instead of being five-toed from 
the beginning—and that is certainly the standard undifferentiated 
type to-day—began as a two-toed organ on the outer side of which 
the remaining digits arose in orderly succession until the typical 
number was acquired and the member became standardized. 

That this may have been the case is not alone evidenced by the 
unique footprint which we have discussed, but the arrangement 
of the nerves and muscles and the major and minor axes of the 
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foot and limb are corroborative. The ontogeny of the salamander’s 
foot as figured by Rabl (Fig. 144) shows the same budding 
of the lateral digits as the Thinopus track implies. So that, without 
having seen the footprint, Professor Wilder as a result of his em- 
bryological studies 
2 postulated an ancestral 
1 3 () 1 foot strikingly like that 
of Thinopus. 
A B Loss of Internal 
2 c\ Gills—The ancient 
fish gills, borne on the 
i gill-arches, were also 
3 lost upon emergence, 
for in every instance 
where permanent gills 
are seen in living am- 
phibia they are external 
1 dermal structures of 
later origin and not 
strictly homologous 
with the internal gills 
of the fishes. Some 
amphibian gills, it is 
true, seem to be inter- 
nal, as they are occa- 
sionally covered by a 
fold of skin, the oper- 
culum, so that they 
thus come to lie in a gill chamber; but they develop before the 
gill-clefts open, are restricted to the outer side of the branchial 
arches, and are always covered by ectoderm, all of which goes to 
prove them new organs which have assumed the old lost function 
of aquatic respiration. 
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Fic. 144.—Development of the hind foot ofa sala- 
mander, Triton teniatus. (After Strasser, from Rabl.) 


Fossil Record 


Footprints.—The earliest record of a terrestrial vertebrate is 
the single footprint of Thinopus antiquus mentioned above. This 
is impressed upon a slab of sandstone and is from the uppermost 
Devonian (Chemung). It was found in 1896 by the late Professor 
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Beecher of Yale and by him presented to the Museum where it is 
now treasured. These same beds contain ripple-marks, mud- 
cracks, and impressions of rain-drops, and land plants also come 
from the same general horizon. A characteristic marine mollusc 
(Nuculana) is preserved in the footprint slab. The associated 
strata show dominant delta conditions on the outer margin of 
which the sea had contributed to the material, for in the wide 
oscillations of the strand-line characteristic of delta fronts, deposi- 
tion under shore conditions and deposition under river conditions 
alternate (Barrell). 

This Devonian is directly overlain by Lower Carboniferous 
Coal Measures, represented in Nova Scotia and New Brunswick 
by the Horton series. These contain the remains of plants and 
crustaceans and the footprints of amphibians. No bones have 
been found in these beds, but the footprints indicate, at the be- 
ginning of the Carboniferous period and before the deposition of 
the Lower Carboniferous limestones, the presence of both large 
and small species similar to those of the coal formation (Dawson). 
One interesting type, Hylopus hardingi, found in the Lower Car- 
boniferous shales of Parrsboro, shows a stride five times the length 
of the foot and twice the width of the trackway, as though the crea- 
ture which made it stood high on its legs like an ordinary mammal. 
This looks very much like a cursorial adaptation; if so, it is the 
earliest on record. 

The next higher level to record the passing feet of these primal 
terrestrial forms is the Mauch Chunk series of Pennsylvania, as- 
signed by geologists to the upper half of the Lower Carboniferous. 
Here has been recorded Paleosauropus primevus, a five-toed track 
of considerable size as these early forms run, and more careful 
search of these same beds at Pottsville has brought to light several 
other species, some very small and delicately impressed. Other 
tracks have come from Virginia and are referred to the same general 
age (Hinton formation). 

First Skeletal Remains.—The first amphibian bones are from 
the Edinburgh Coal Measures of Scotland which have been re- 
ferred to the Lower Carboniferous, and they are therefore of equiva- 
lent geological age to the Nova Scotian footprints. The oldest 
known skeletons are ascribed to the genera Loxomma and Pholi- 
dogaster. These are in no sense transitional forms, but are fully 
developed amphibians. Above the Lower Carboniferous Coal 
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Measures we have red shales and sandstones in which bones 
are invariably rare and footprints abundant, and so it is with the 
Scottish record. This has been explained by Barrell as follows: 


“Red shales and sandstones are markedly barren of organic remains, 
yet footprints and plant impressions are present. The sediments were 
characteristically deposited under conditions where they were subjected 
to drying and atmospheric oxidation. The recurrent drying out implies 
a fall of level of the ground-water. Such changes in ground-water, 
through the induced circulation, favor solution of slightly soluble mate- 
rials, such as the mineral matter of bones, in the zone above. ‘Even large 
and resistent bones are speedily destroyed if alternately wet and dried 
in the presence of oxygen and seeping waters. Such conditions are present 
in the delta soils of seasonally arid climates, but not in wind-formed 
desert deposits, nor in the swamps wherein 
organic matter accumulates. The wetter 
and cooler the climate, the more favorable 
become the conditions for the spread of 
swamp conditions, resulting in the accu- 
mulation of coal and permitting also the 
preservation of animal fossils.” 
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It was during Permo-Carboniferous 
times especially that the great deploy- 
ment of amphibia occurred, and we 
have from various places, notably in 
Europe and in Nova Scotia and the 
United States, the remains of a varied 
assemblage of forms, some small, others 

pees huge heavily armored types with com- 
Ys plex vertebre, others with complexly 
“ ese ... infolded teeth; some with well devel- 
IG. 145.—Stegocephalian, f ; z 
Branchiosaurus amblysiomus, Per. Oped crawling limbs, yet others limb- 
mian, Germany. Restored larva, Jess, elongate, indicating that already 
sa Rona parts fe Cred- racial old age with its attendant de- 
generacy was upon them. One and 
all were alike in this—they went, presumably, back to the waters 
to lay their eggs, and their young were therefore aquatic and 
breathed by means of gills (see Fig. 145). But there are among 
them many of which this can not be proved and some may actually 
have been transitional, not between amphibians and fishes, but 
between amphibians and the succeeding class, the Reptilia. Cer- 
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tain of the forms, such as Cacops (Fig. 146), discovered in the 
Permo-Carboniferous of Texas by Professor Williston, show such a 
combination of characters pertaining both to the amphibia and 
reptiles that, as the distinguished discoverer says, it may become 
necessary to revise our definition of the former group. 
Summary.—‘“The nature of the geologic record of amphibians 
indicates that they evolved under climates marked by seasonal 


Fic. 146.—Permian stegocephalian, Cacops aspidephorus, from 
Texas, allied to the primitive reptiles. (After Williston, from 
Schuchert’s Historical Geology.) 


dryness, and inhabited river-plains far from the sea. The abrupt- 
ness of appearance of well developed sustaining legs and feet points 
to an origin perhaps as far back as the Lower Devonian, but a rapid 
expansion and evolution in the Upper Devonian. They survived 
the change to more generally wet conditions in the Lower Mis- 
sissippian, but showed more convincingly their adaptation to 
semiarid continental conditions through the footprint record they 
have left in the Mauch Chunk shales. The impressions of plants 
indicate that over the broad river-plains of eastern Pennsylvania 
there flourished each season an herbaceous vegetation of acrogens 
following the withdrawal of the river floods, until the advancing 
seasonal dryness caused it to wither. No traces of an arboreal 
vegetation have been found, and this, taken in conjunction with 
other facts, suggests that in the dry season the streams completely 
vanished, or at least were reduced to rivulets and water-holes unable 
to afford sufficient underground water to support an arboreal 
vegetation on the banks” (Barrell). 

Circumstances such as these were not conducive to piscine life, 
but were just the conditions under which amphibians would thrive. 
With further increase in aridity, however, such that no seasonal 
return of the waters occurred to make aquatic egg-laying possible, 
came the restriction of the Amphibia and the evolution of reptiles. 
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Reptiles 


Aside from certain anatomical characteristics, which we need not 
enumerate, two features stand out sharply in the reptiles in con- 
trast to the amphibians. They are, first, the loss of gill-breathing 


Fic. 147.—Vertebrate embryos with their mem- 
branes. A, reptile or bird; B, placental mammal. In 
A the yolk-sac is functional and the allantois respir- 
atory; in B the yolk-sac is functionless and the al- 
lantois becomes the nutritive placenta and umbilical 
cord. (After Wilder.) 


forever, the reptiles and 
their descendants—t he 
mammals and _ birds— 
depending solely upon 
their lungs for oxygen; 
and second, the develop- 
ment of certain embry- 
onic envelopes known as 
the amnion and allantois. 
The true significance of 
both loss of gills and 
gain of allantois is the 
same—air-breathing 
young. 

Embryonic Mem- 
branes.—The reptilian 
egg is a complex struc- 
ture consisting not only 
of the male and female 
germ-plasm but of a con- 
siderable amount of nu- 
tritive yolk, sufficient to 
carry the creature well 
along toward perfection 
of body and obviating 
the necessity of a larval 
stage and a metamor- 
phosis such as so many 
amphibians possess. 
This complex egg is sur- 
rounded by a protective 
envelope, the shell, and 


is invariably laid, if laid at all, on land. It is because of this 
last feature that the amnion and allantois have arisen (Fig. 
147). The amnion is a two-layered membrane growing out of 
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the ventral wall of the embryo and entirely enveloping it. Be- 
tween the layers is the amniotic fluid which not only guards the 
creature against mechanical jars but also serves to resist sudden 
changes of temperature which might be fatal to the growing young. 
In other words, the amnion is protective in its function. The 
allantois, on the other hand, is respiratory. It too is a double- 
layered or sac-like membrane arising in much the same way, an 
outgrowth in fact of the urinary bladder of the amphibian. It is 
abundantly supplied with blood-vessels directly continuous with 
those of the embryo. The allantois lies, in its full development, 
immediately beneath the porous shell, through which oxygen can 
enter and, passing by osmosis through the allantoic membrane, 
oxygenate the included blood. Carbonic acid gas is given off at 
the same time. The blood stream now carries the oxygen to the 
embryo and brings out more waste and the process is continued. 
Thus it will be seen that the allantois has a function comparable 
to a lung and not to a gill, and it is to be doubted whether any 
reptilian egg could be placed in the water without drowning the 
embryo within. At all events, no reptile, bird, nor mammal egg, 
each of which possesses an allantois, is ever laid in the water, but 
always on land, or else provision is made for its retention within 
the maternal body as in certain snakes, the ichthyosaurs, and all 
mammals above the Monotremata. 

From this it will be seen that reptiles may survive under condi- 
tions of aridity—many are true desert forms—where amphibia 
might perhaps live as adults but could not pass on their life to 
future generations. It is logical, therefore, to believe that whereas 
semiaridity with seasonally recurring rains impelled amphibian 
evolution, true aridity with undependable rains or none at all, 
making amphibian economy impossible, stimulated the evolution 
of the reptiles. 
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CHAPTER XXX 


RISE OF REPTILES AND DOMINANCE OF DINOSAURS 


Origin of Reptiles 


The origin of reptiles from their ancient stegocephalian lineage 
took place in all probability in Carboniferous time, and before the 
close of the Permian many of the principal lines of evolution had 
become established. The evidence for this belief is partly direct, 
through the Permian paleontological record, and partly indirect, 
based upon the appearance in the Trias of groups which must have 
had a long antecedent evolution. 

The Permian strata record the actual presence of no fewer than 
five out of the fifteen orders of reptiles which are recognized by 
Williston, and while most of them are primitive forms as one would 
be led to expect, one group, the Proganosauria, represented by 
“Mesosaurus (Fig. 148) from Brazil and South Africa, is noteworthy 
in being the first instance of the many which occur of the return of 
reptiles to the aquatic habitat. Yet more remarkable is the order 
Theromorpha, particularly the so-called pelycosaurs, among which 
certain genera have developed riotous growth, especially in the 
spinous processes of the vertebrze, some of which are extraordinarily 
long while others have lateral processes developed on the spines 
like the yardarms of a square-rigged ship (Edaphosaurus, Fig. 149). 
These fin-backed forms can be viewed in but one light—they are 
racially senile, and their utter absence from overlying strata points 
to their speedy extinction. 

In addition to the five recorded orders there is reason to believe, 
on the grounds mentioned above, that at least six, possibly seven 
others had Permian representatives. These are the Chelonia or 
turtles, the Sauropterygia or plesiosaurs, the Ichthyosauria or fish 
lizards, the Squamata (lizards only), the Rhynchocephalia or 
beaked reptiles, the Parasuchia or ancient crocodiles, and possibly 
the dinosaurs. Among these several are aquatically inclined, others 
terrestrial. The former have been discussed in part in the chapter 
on aquatic adaptation (Chapter XX), the latter, especially the 
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Fic. 148.—Permian aquatic reptile, Mesosaurus. (After McGregor, from Williston’s 
Water Reptiles.) 
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Fic. 149.—Ship-lizard, Edaphosaurus cruciger, Permo-Carboniferous, North 
America. (After Case.) 
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dinosaurs, will constitute the main theme of the present chapter 
and the next. 


Adaptive Radiation of Reptiles 


The Mesozoic era has been called the Age of Reptiles, for while 
higher forms, the birds and mammals, make their appearance 
during its course, arising in all probability when the era was yet 
young, they never seriously dispute with the reptilian horde their 
right to a place in the sun, in fact to all places wherein an animal 
could live. Thus Osborn’s law of adaptive radiation, which was 
applied by its distinguished author solely to the mammals, is equally 
applicable to these cold-blooded forms, for climatic zones were non- 
existent or but slightly differentiated and hence did not limit their 
poleward distribution as they do now, and, as a consequence, of 


Fic. 150.—Restoration of the Permian reptile, Limnoscelis paludis, from New 
Mexico. (After a model by Lull.) 


the various habitats which the wide world displays, each had its 
admirably adapted reptilian denizens just as the world was later 
filled with mammalian hosts. 

Central Form.—The central form was doubtless a short-legged, 
crawling cotylosaur, such as Limnoscelis (Fig. 150), a slow moving, 
primitive, probably swamp-dwelling type but potent in evolution- 
ary possibilities. From the cotylosaurs there arose in the course of 
time other more strictly terrestrial creatures such as the lizards, 
many of which have attained high adaptation to speed require- 
ments. Yet another ancient reptile, Kadaliosaurus, from the lower 
Permian of Germany, was a long-limbed, doubtless cursorial form. 
The cursorial adaptation par excellence, however, lay with the dino- 
saurs, as their bones and footprints show. 

Arboreal Habitat.—Arboreal habitat is difficult to prove on the 
part of any Mesozoic or older reptiles, for if any arboreal forms 
existed, their remains,in common with those of other forest-dwelling 
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types, would have had little chance of natural entombment and sub- 
sequent preservation. But to-day the arboreal reptiles are numer- 
ous and varied; to realize this one has but to recall the geckoes 
with their adhesive padded feet, or the chameleons with syndactyl 
grasping hands and feet and prehensile tail described in Chapter 
XXI. There are authorities, moreover, whose belief in an arboreal 
ancestry for the birds is so firmly established that the presence of 
climbing reptiles even in the Triassic or earlier, while having no 
documentary evidence to its support, nevertheless is by them as- 
sumed a priort. 

Aérial Adaptation.—Aérial or volant reptiles such as the ptero- 
dactyls were finely adapted to their habitat, ranging as they did 
from the size of a sparrow to the largest of nature’s flying mechan- 
isms, with ample powers both of varied and sustained flight, but 
their origin is lost through the imperfection of the record of Triassic 
life (see Figs. 85 and 86, Chapter XXII). 

Amphibious Forms.—Of the amphibious forms there were 
many, for increasing humidity—and we have ample evidence of the 
waxing and waning of moisture—brought with it extensive areas 
the peopling of which awakened the water-dwelling instinct that 
had long been dormant in the reptilian blood. Thus we have as 
partially aquatic forms the turtles, ancestral plesiosaurs (Notho- 
sauria), Parasuchia, Crocodilia, and certain dinosaurs, the Sauro- 
poda and Trachodontidz or duck-bills. 

Aquatic Adaptation.—Truly aquatic life claimed in the course 
of time certain turtles, the great marine ones of to-day and still 
greater ones (Archelon) of the Cretaceous, the plesiosaurs, progano- 
saurs, ichthyosaurs, sea-lizards (mosasaurs and thalattosaurs), and 
sea-crocodiles or thalattosuchians (Fig. 67); in all, seven orders, 
either in their entirety or a large proportion thereof. © 

Fossorial Adaptation.—Fossorial animals are rare as fossils, for 
while burial is a prime requisite to fossilization, self-inhumation 
rarely carries with it the necessary imperviousness to air to insure 
preservation. Hence we cannot point to a single ancient reptilian 
group as of extensive fossorial habits, although in the cotylosaurs 
and pelycosaurs there are certain forms whose powerful implied 
musculature of arm and leg points to digging powers of no mean 
degree. That any were wholly fossorial like certain living snakes 
(Typhlops) and limbless lizards (Amphisbena) we have no proof. 

Adaptive Radiation of Squamata.—Thus it will be seen that 
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during pre-Tertiary: times the reptilian adaptations were ample 
and varied; with the dawn of the Tertiary, however, came the final 
extinction of all but four reptilian orders, one of which is repre- 
sented by but a single relic form (Sphenodon) found to-day only 
in remote New Zealand. This widespread extinction necessarily 
restricted the range of adaptation, though within the group Squa- 
mata, which embraces the lizards and snakes, we have a latter-day 
radiation comparable in a very modest way to the great reptilian 
radiation of the Mesozoic. For example, we may enumerate: 

Ambulatory terrestrial: many lizards, horned toad. 

Cursorial: Chlamydosaurus, the Australian frilled lizard. 

Arboreal: chameleon (see Fig. 74), geckoes. 

Aérial: Draco, the flying dragon (see Fig. 76). 

Fossorial: Typhlops, Uromastix, amphisbenians (legless). 

Amphibious: many serpents, some of the monitors, Varanus 

which is a living relative of the ancient mosasaurs, the Gala- 
pagos sea-iguana Amblyrhynchus (see Fig. 60), and others. 

Aquatic: the sea-snakes or Hydrophine, all of which except one 

land-locked form in Lake Taal at Luzon, Philippine Islands, 
are marine and are found many miles from land. 

In fact, Matthew has said of the lizards: ‘If some vast catastro- 
phe should to-day blot out all the mammalian races including man, 
and the birds, but leave the lizards and other reptiles still surviving, 
with the lower animals and plants, we might well expect the lizards 
in the course of geologic periods to evolve into a great and varied 
land fauna like the dinosaurs of the Mesozoic era.” 


DINOSAURS 


The Age of Reptiles may well be called the Age of Dinosaurs, for 
so far as terrestrial creatures go they were the all-important forms, 
the other reptiles individually and collectively forming but the 
supporting caste to these stars in the great drama of medieval life. 

Place in Nature.—That the dinosaurs were reptiles goes without 
saying, although their appearance, at any rate in the eyes of those 
who would restore them in the flesh, was sometimes so very similar 
to that of certain great mammals of to-day that the uninitiated 
often confuse relationships and think of Triceratops (Fig. 167), 
for instance, as merely a very huge and somewhat better armed 
sort of rhinoceros. As reptiles they were exclusively lung-breathing 
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and had a large egg which they may or may not have laid before 
hatching. This, which is often merely a matter of family conven- 
ience as among certain snakes, can not be decided until actual eggs 
or unborn young are found, a very remote possibility. They were 
scaly or armored, this we know; whether they were cold-blooded or 
not is a debated question. Such activity as they must have shown 
seems to hint at a possibility of warm blood, and such a belief has 
met with some support, but in the tropical climate which their 
known habitat implies there was little more need of a heat-main- 
taining mechanism than there is in modern cursorial lizards, the 
Australian frilled lizard Chlamydosaurus, for instance. There is no 
evidence on the part of dinosaurs of a heat-retaining “clothing” 
such as the birds and mammals possess. 

Living Relatives.—Of the forms now living, the crocodiles on the 
one hand and the birds on the other stand nearest the dinosaurs 
and this may be a truer statement than it seems, for, as we shall 
see, the dinosaurs were diphyletic, the two races running separate, 
though in part parallel evolutionary courses, and the one group 
seems nearer the crocodiles and the other nearer the birds. When 
one comes to work out a concise technical description of a crocodile 
and place it beside that of a dinosaur, he will at once see the similar- 
ity of the two groups. For instance, Williston thus defines the order 
Crocodilia: ‘‘Two temporal vacuities; teeth thecodont [. e., sock- 
eted]; a false palate; pubis excluded from acetabulum [hip socket]; 
single coracoid; ribs double headed, diapophysial [arising from the 
transverse processes of the vertebra]; sub-aquatic or aquatic.” 
And of the dinosaurs he says: “Ambulatory reptiles, with two tem- 
poral vacuities; no false palate; pubis entering acetabulum; ribs 
double headed, diapophysial,”’ to which he might have added “sin- 
gle coracoid; teeth thecodont [in Saurischia, see below]; sub- 
aquatic.” And for both orders, “phalangeal formula 2, 3, 4, 5, 3, 
and an intertarsal joint.” In other words, the only characters 
which are not common to both orders are the presence in the croco- 
diles of a false palate, merely a device for eating under water, and 
found elsewhere, and the exclusion of the pubic element of the pel- 
vis from the hip socket. 

Ancestral Stock.—Dinosaurs, as befits their high estate, were of 
ancient lineage. One of our best authorities on dinosaurian phy- 
logeny, Doctor Friedrich von Huene, derives them from the primi- 
tive cotylosaurian stock which arose in Carboniferous time and 
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continued until the Trias. During Permian time there arose from 
the cotylosaurs the group Protorosauria, of which Protorosaurus 
is the type, and out of these in turn the Triassic Parasuchia. Huene 
derives all dinosaurs from the same stock, but considers them diphy- 
letic from their origin; that is, that the Ornithischia and Saurischia 
(see page 506) are unrelated save through a common ancestry. 

Duration.—The known record of dinosaurs extends from the 
Middle Triassic (Muschelkalk) to the very close of Cretaceous time. 
This is particularly true of the carnivorous dinosaurs; the plant- 
feeding Ornithischia, on the other hand, do not appear in the fossil 
record until late Triassic (Rhetic) but are doubtless older, their 
subsequent duration being coextensive with that of the carnivores. 
The Sauropoda or amphibious dinosaurs are shorter lived as a race, 
as they do not appear before the Middle Jurassic (Bathonian) and 
become extinct in the early Cretaceous (Comanchian). It is highly 
probable that the recorded beginnings of all of these forms are not 
so remote as their actual inception. Of their survival into the 
Tertiary, however, as certain authorities have held, there is grave 
doubt. 

Distribution.—Dinosaurs first appear in Germany, at Gogolin, 
Upper Silesia, but this does not necessarily imply that that was 
their original radiation center. On the contrary the belief has been 
expressed that one must go farther west, where a great continent 
is thought by some paleontologists to have extended across what 
is now the North Atlantic basin, thus connecting Europe and North 
America, and that somewhere within the confines of this continent 
the dinosaurs arose and began their world-wide march of conquest. 
For they extend the world over, across the United States and into 
Canada; in Brazil, in Patagonia; from England, Belgium, France, 
and Portugal, to Germany and Austria; in far away India, even to 
Australia; and in Africa in its central, eastern, and extreme southern 
part. We have no record of their occurrence in Asia north of the 
Oriental realm, nor yet in New Zealand, and there is reason to be- 
lieve that this absence of record is significant; it may, however, be 
due to lack of discovery. 

Habitat.—Their habitat was varied, but in all probability their 
initial evolution, that for speed, took place under stress of semi- 
aridity of climate, and their main lines were eminently terrestrial 
forms. With the changing climatic cycles, which came with the 
passage of time, came dinosaurian adaptation to humid conditions, 
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so that at least two groups, Sauropoda and Trachodontide, give 
indubitable evidence of an amphibious habitat. 

Habits.—In habits the dinosaurs were nearly as varied as the 
mammals are to-day—carnivorous, some small, preying upon such 
feeble folk as they might overcome, others gigantic, the most 
terrible terrestrial devourers of flesh the world has ever seen. Again, 
others were herbivorous—some with feeble dentition, the food being 
drawn unmasticated down a most capacious throat, others with a 
dental apparatus for the reduction of the most resistant herbage 
such as would offer little promise of satisfaction to the living 
herbivores. In certain instances the teeth are greatly reduced, as 
in Diplodocus (Fig. 157) and Stegosaurus (Fig. 164), the reduction 
accompanying other signs of racial senility. Yet others like Struthi- 
omimus of the North American Cretaceous were utterly bereft of 
teeth. The dietary of such forms it is difficult to conjecture with 
any degree of certainty. 

Size.—The minimum recorded size, that of Compsognathus, was 
about 214 feet, with the bulk of a domestic cat. The footprints of 
the Connecticut valley, however, record the existence of feet half 
as long as those of Compsognathus, hardly “terrible lizards” as 
the term dinosaur implies. The other extreme was reached by 
Brachiosaurus (=? Gigantosaurus, Fig. 158) of East Africa and 
western North America, whose over-all length has been va- 
riously estimated by its Teutonic discoverers to be upward of 120 
feet, but by Matthew not to exceed 80 feet. Nevertheless it was an 
animal of such robust proportions that its weight must have been 
about 4o tons—greater than that of any living being except the 
larger of the modern whales. 


Classification 


The latest classification of dinosaurs is that of Matthew, rors, 
which is somewhat more conservative than the one proposed by 
Von Huene in 1914. An adaptation of Matthew’s classification, 
with characteristic genera, is as follows: 


Cohort Dinosauria 
Order Saurischia 
Suborder Ccelurosauria = Compsognatha 
* Podokesaurus—Triassic; Massachusetts. 
* Genera to be described below. 
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* Celurus—Jurassic; North America. 
* Compsognathus—Jurassic; Bavaria. 


Suborder Pachypodosauria 
* Anchisaurus—Triassic; Connecticut. 
Zanclodon—Triassic; Europe. 
Plateosaurus—Triassic; Europe. 


Suborder Theropoda 
Megalosaurus—Jurassic to Cretaceous; Europe. 
* Allosaurus—Comanchian; North America. 
* Ceratosaurus—Comanchian; North America. 
* Tyrannosaurus—Cretaceous; North America. 
* Ornitholestes—Comanchian; North America. 
* Ornithomimus—Cretaceous; North America. 


Suborder Sauropoda 
* Brontosaurus—Comanchian; United States. 
* Brachiosaurus (Gigantosaurus)—Comanchian; United States 
and Africa. 
* Diplodocus—Comanchian; United States. 


Order Ornithischia = Predentata 
Suborder Ornithopoda—unarmored 
* Camptosaurus—Comanchian; United States. 
* Tguanodon—Comanchian; Europe. 
* Trachodon—Cretaceous; North America. 
Corythosaurus—Cretaceous; North America. 


Suborder Stegosauria—armored 
* Scelidosaurus—Jurassic; Europe. 
* Stegosaurus—Jurassic and Comanchian; Europe and nied 
States. 
* Ankylosaurus—Cretaceous; North America. 


Suborder Ceratopsia—horned 
Monoclonius—Cretaceous; North America. 
* Styracosaurus—Cretaceous; North America. 
* Triceratops—Cretaceous; North America. 
* Torosaurus—Cretaceous; North America. 


‘Contrast of Phyla.—The two main phyla of dinosaurs to which 
the rather unwieldy names of Saurischia (Gr. cavpos, lizard, and 
* Genera to be described below. 
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toxiov, hip-joint) and Ornithischia (Gr. dpvis, bird) have been 
given, while undergoing in many ways a remarkable parallelism 
of evolutionary change, show notwithstanding some very constant 
contrasting features. These two orders may be thus briefly defined: 

Saurischia: Generally carnivorous, except the Sauropoda, with 
teeth in the anterior portion of the mouth; compressed, slightly 
curved crowns with serrated margins, or spoon- or pencil-shaped 
teeth. Without predentary bone connecting the two halves of the 
lower jaw; with powerful, sharp-pointed, curved claws, and dense, 
hollow bones with well finished articulations except in the Sauro- 
poda. Pelvis triradiate (see Fig. 151, B), with a hip-bone or ilium 
elongated fore and aft, a simple pubis directed downward and for- 
ward, and an ischium directed downward and backward. Includes 
the bipedal carnivores and the quadrupedal, amphibious, herbiv- 
orous sauropods. 

Ornithischia (Predentata): Teeth in rear of jaws only, sometimes 
forming a wonderful magazine of successional teeth, and a toothless 
predentary bone in front which opposed the equally toothless (ex- 
cept in Hypsilophodon) premaxillary bones above; premaxillary 
bones sheathed with horny skin or a turtle-like beak for the pre- 
hension of food. Limb-bones less compact and less well finished at 
their extremities than in the carnivores; claws depressed, sometimes 
hoof-like. Pelvis tetraradiate (see Fig. 151, A) in that the pubis 
consists of two branches, one of which, the pre-pubis, extends down- 
ward and forward, while the pubis proper lies parallel with the 
ischium. The ornithischian pelvis is quite suggestive of that of a 
bird; the saurischian, on the other hand, is more crocodilian. 


Saurischia 


The earliest known dinosaurs belong to the Saurischia, and 
they exist with conservative changes to the close of the Mesozoic. 
The principal evolutionary changes which they show are a gradual 
increase in size of body and a proportionate decrease in that of 
the fore limbs, the function of which is never support nor locomo- 
tion, but solely prehension. These creatures therefore walked or 
ran entirely on the hind legs, the anterior part of the body being 
balanced by the weight of the long, slender tail. When they ran 
the limbs were well under the body and the stride was alternate 
like that of an ostrich or bipedal lizard, as their numerous bird- 
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Fic. 151.—Pelvis of (A) predentate dinosaur (Ornithischia), Camplo- 
saurus;. and (B) carnivorous dinosaur (Saurischia), Adlosaurus. One- 
twelfth natural size. a, acetabulum or hip socket; #/, ilium; zs, ischium; 
p, pubis; p/, post-pubis. (After Marsh.) 
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like footprints impressed upon the sands of the Connecticut valley 
imply. Some of the better known carnivorous dinosaurs are: 
Ccelurosauria.—Representatives of this group are: Podokesaurus 
(Fig. 152), an extremely slender, agile, carnivorous dinosaur from 
the Triassic sandstones of the Connecticut valley (South Hadley, 
Massachusetts). The body, tail, and limbs are preserved in the 
one specimen known and indicate an animal about 4 feet in length 


Fic. 152.—Restoration of Podokesaurus holyokensis, Upper Trias, Connecticut 
Valley. Length, nearly 4 feet. (After a model by Lull.) 


of which the tail includes more than half. Many footprints de- 
scribed under the name of Grallator (he who walks on stilts) were 
undoubtedly made by creatures similar to this. 

Celurus, with bones so delicate that the walls of the vertebre, 
for instance, are of paper-like thinness. It was a small form from 
the Morrison formation of Wyoming and the Potomac formation 
of Maryland, and is incompletely known. 

Compsognathus, known from a very perfect skeleton from the 
Jurassic of Eichstaidt, Bavaria, and coming from the famous Solen- 
hofen quarry which also produced Archeopteryx, the earliest known 
bird. Compsognathus, as has already been stated, is the smallest 
recorded dinosaur. 

Pachypodosauria.—The most notable genus here is A nchisaurus 
which, together with the allied Ammosaurus, is known from several 
more or less complete skeletons from the Connecticut Trias. The 
three most perfect skeletons come from the town of Manchester 
and range in size from perhaps 5 to 8 feet. The hand was large 
compared with that of later forms and bore one large and two 
smaller grasping claws. The teeth were not so perfectly adapted 
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to a flesh diet as were those of the Theropoda. These skeletons 
are preserved at Yale. 

Zanclodon and Plateosaurus, larger Old World forms, out of 
the latter of which Von Huene would derive not only the later 
megalosaurs but the amphibious dinosaurs (Sauropoda) as well. 

Theropoda.—This group includes: Allosaurus (Fig. 153 and 
Pl. IX), one of the best known of carnivorous dinosaurs, for there 
is in the American Museum of Natural History, New York City, 


Fic. 153.—Restoration of Allosaurus, based upon the specimen in the Ameri- 
can Museum of Natural History. Length, 34 feet. Comanchian, Wyoming, 
Colorado, and Maryland. 


a practically complete skeleton mounted in a most lifelike pose. 
This creature is of gigantic size, being 34 feet 2 inches in length 
by 8 feet 3 inches high in its present almost quadrupedal posture. 
It was collected from Como Bluff, near Medicine Bow, Wyoming, 
whence came so many of the wonderful dinosaurian and contem- 
poraneous mammalian specimens which the Yale Museum pos- 
sesses. Allosaurus had a comparatively inflexible though deep body 
and a tail which could undergo but little movement as compared 
with that of a modern lizard or a snake, since its principal use, that 
of a counterpoise, was best subserved by its being held out rather 
stiffly behind. The jaws were loosely hung and evidently could 
be opened very widely, and there is evidence of some movement of 
the upper jaw upon the cranium as though the chunks of the prey 
which the creature tore off were at times of considerable size or 
possibly the victim was swallowed whole. The teeth are powerful, 
recurved, and admirably adapted to the owner’s implied habits. 
Both hands and feet were armed with powerful curved claws, 
doubtless sheathed with talons like those of a huge eagle. 
Ceratosaurus, which is known from a single well preserved skele- 
ton in the United States National Museum, and is a contemporary 
of Allosaurus, though not so large. The remarkable thing about 
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Ceratosaurus, as the name implies (Gr. «épas, horn), is the pres- 
ence of a compressed, horn-like process upon the nose which must 
have borne a horny sheath. This is one of the extremely rare 
associations of the primarily defensive horns and carnivorous 
habits, for among the mammals and indeed the later dinosaurs as 
well it is the herbivores only which are thus endowed. 

The culminating form of this race has been most appropriately 
named Tyrannosaurus rex, the king of tyrant saurians (Fig. 154 


Fic. 154.—Restoration of Tyrannosaurus, based upon a specimen in the Ameri- 
can Museum of Natural History. Length, 47 feet. Cretaceous, western North 
America. (After Lull, from Schuchert’s Historical Geology.) 


and Pl. X), by Professor Osborn, and was, as Matthew says, ‘the 
climax of evolution of the giant flesh-eating dinosaurs. It reached 
a length of 47 feet, and in bulk must have equalled the mammoth 
or the mastodon or the largest living elephants. The massive 
hind limbs, supporting the whole weight of the body, exceeded the 
limbs of the great proboscideans in bulk, and in a standing position 
the animal was 18 to 20 feet high, as against 12 for the largest 
African elephants or the southern mammoth. The head is 4 feet 
3 inches long, 3 feet 4 inches deep and 2 feet 9 inches wide; the 
long deep powerful jaws set with teeth from 3 to 6 inches long 
and an inch wide. To this powerful armament were added the 
great sharp claws of the hind feet, and probably the fore feet, 
curved like those of eagles, but 6 or 8 inches in length... . The 
exact reconstruction of the fore feet is the only doubtful part. 
The fore limb is very small relatively to the huge size of the animal, 
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but probably was constructed much as in the Allosaurus with 
two or three large curved claws, the inner claw opposing the others.”’ 


“This animal probably reached the maximum of size and of develop- 
ment of teeth and claws of which its type of animal mechanism was 
capable. Its bulk precluded quickness and agility. It must have been 
designed to attack and prey upon the ponderous and slow-moving horned 
and armored dinosaurs with which its remains are found, and whose mas- 
sive cuirass and weapons of defense are well matched with its teeth and 
claws. The momentum of its huge body involved a seemingly slow and 
lumbering action, an inertia of its movements, difficult to start and diffi- 
cult to shift or to stop. Such movements are widely different from the 
agile swiftness which we naturally associate with a beast of prey. But an 
animal which exceeds an average elephant in bulk, no matter what its hab- 
its, is compelled by the laws of mechanics to the ponderous movements ap- 
propriate to its gigantic size. "These movements, directed and controlled 
by a reptilian brain, must needs be largely automatic and instinctive. 
We cannot doubt indeed that the carnivorous dinosaurs developed, along 
with their elaborately perfected mechanism for attack, an equally elab- 
orate series of instincts guiding their action to effective purpose; and a 
complex series of automatic responses to the stimulus afforded by the 
sight and action of their prey might very well mimic intelligent pursuit 
and attack, always with certain limits set by the inflexible character of 
such automatic adjustments. But no animal as large as Tyrannosaurus 
could leap or spring upon another, and its slow stride, quickening into a 
swift resistless rush, might well end in unavoidable impalement upon the 
great horns of Triceratops, futile weapons against a small and active 
enemy, but designed no doubt to meet just such attacks as these. A 
true picture of these combats of titans of the ancient world we cannot 
draw; perhaps we will never be able to reconstruct it. But the above 
considerations may serve to show how widely it would differ from the 
pictures based upon any modern analogies. 

“One may well inquire why it is that no such gigantic carnivora have 
evolved among the mammalian land animals. The largest predaceous 
mammals living to-day are the lion and tiger. The bears, although some 
of them are much larger, are not generally carnivorous, except for the 
polar bear, which is partly aquatic, preying chiefly upon seals and fish. 
There are indeed carnivorous whales of gigantic size, but no very large 
land carnivore. There were, it is true, during the Tertiary and Pleis- 
tocene, lions and other catnivores considerably larger than the living 
species. But none of them attained the size of their largest herbivorous 
contemporaries, or even approached it. Among the dinosaurs, on the 
other hand, we find that—setting aside Brontosaurus and its allies as 
aquatic—the predaceous kinds equalled or exceeded the largest of the 
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herbivorous sorts. The difference is striking, and it does not seem likely 
that it is merely accidental. 

“The explanation lies probably in the fact that the large herbivorous 
mammals are much more intelligent and active, and would be able to use 
their weapons of defense so as to defy the attacks of relatively slow mov- 
ing giant beasts of prey, as they do also the more active but less powerful 
assaults of smaller ones. The elephant or the rhinoceros is in fact prac- 
tically immune from the attacks of carnivora, and would still be so were 
the carnivora to increase in size. The large modern carnivora prey upon 
herbivores of medium or smaller size, which they are active enough to 
surprise or run down. Carnivora of much larger size would be too slow 
and heavy in movements to catch small prey, while the larger herbivores 
by intelligent use of their defensive weapons could still fend them off 
successfully. In consequence giant carnivores would find no field for 
action in the Cenozoic world, and hence they have not been evolved” 
(Matthew). ‘ 


But not all carnivorous dinosaurs, even of the Mesozoic, were 
so Bee for as we have small forms in the Triassic and Jurassic, 
so we find them in 
more or less inti- 
mate association 
with their larger 
cousins to the end 
of the dinosaurian 
career. Out of the 
famous Bone Cab- 


Fic. 155.—Restoration of the small carnivorous dinosaur, ~ 
Ornitholestes, based upon a specimen in the American Museum 1N Quarry 1n east- 
of Natural History. Length, 7 feet. Comanchian, Wyo- ; 

u Story: eu yo en Wyoming, 


ming. (After Lull, from Schuchert’s Historical Geology. 
g ¢ : oY where the author 


was initiated into the mysteries of bone-digging, and which has 
produced Allosaurus, comes Ornitholestes (Fig. 155), an extremely 
slender form whose total length was not more than 7 feet and whose 
bulk could not have exceeded that of a setter dog. This form had 
long, slender fingers none of which were armed with the cruel 
curved claws of the megalosaurs. This suggested to Professor 
Osborn the idea that perhaps it may have preyed upon contem- 
porary birds, so the name Ornitholestes, the ‘‘bird robber,” was 
given to it. Another student suggested that it may have preyed 
upon fish, and its association with amphibious dinosaurs lends 
color to the proposition. Be that as it may, the contrast between 
the marked agility of the present form and the more ponderous 
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character of Allosawrus must have been reflected in the prey. A 
successor to the Comanchian Ornitholestes was Ornithomimus of 
late Cretaceous time, a form long known from its slender, very 
bird-like feet and a few other elements of its frame. The en- 
tire skeleton of an intermediate form, Struthiomimus, has only just 
come to light, having been discovered in Alberta in 1914. In its 
general proportions it is what one would be led to expect from the 
character of the feet, but the surprise came in the fact that its 
jaws are entirely toothless, the skull reminding one quite forcibly 
of that of a large cursorial bird. 

In Europe and elsewhere than in North America the remains of 
carnivorous dinosaurs are far less complete, and as a consequence, 
except for some very marvelously preserved Triassic types, we 
know but little of them. The generic name of Megalosaurus is 
applied to most of the later forms from the Jurassic to the final 
- extinction, but doubtless covers as varied an assemblage of larger 
dinosaurs as lived in the New World. 

Sauropoda.—To this group various names have been given. 
They were called Cetiosauria by Seeley in allusion to their whale- 
like bulk, and Opisthoccelia by Owen because their neck vertebre, 
which have a ball-and-socket articulation, have the hollow facet 
behind and the convex one in front. According to the law of prior- 
ity this latter term takes precedence over the others, but Professor 
Marsh’s term Sauropoda is the one in most common use. 

These creatures were all quadrupedal, although there is reason 
to believe that when water-borne they may have reared up on the 
hind feet. Their backbone is a marvel of complexity and has been 
described in some detail in Chapter XII. The greatest economy of 
material is manifest in its structure, giving maximum strength 
with a minimum of bony substance. The limb-bones, on the other 
hand, are extremely massive, with very rugose ends, as though the 
joints were formed very largely of cartilage in sharp contrast with 
their bony perfection in the carnivorous forms. This imperfection 
of the joints in the Sauropoda admits of but one interpretation, 
that of aquatic life, when the weight, largely water-borne, did not 
subject the ends of the limb-bones to the mechanical impact as it 
would were the animal wholly terrestrial. Matthew has directed 
attention to the fact that a line drawn from shoulder to hip separates 
the lighter portion of the animal’s frame from the weightier as 
though it represented the water-line. Extreme lightness, especially 
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of the neck, is necessary that it be not unwieldy in the creature’s 
search for food, while weighty limbs were also necessary to enable 
their owner to wade into comparatively deep water, for these forms 
were doubtless more wading than swimming in their habits. In 
order to support their huge weight, the limbs had become more or 
less pillar-like, as the straight limb-bones imply, and the sprawling 
gait of most living reptiles is unthinkable with so ponderous a form. 
All of our ideas of reptilian locomotion have been colored by ob- 
servation upon living forms, often under unnatural conditions, for 
a crocodile just emerging from the water walks high on its legs more 
like a mammal and does not sprawl until it has come to rest. 
Then the limbs, one after another, are lifted and brought into the 
recumbent position. The teeth of the Sauropoda are clearly de- 
rived from those of carnivores, as they occupy the same place and 
arise in a similar way. They have, however, lost their sharp point 
and serrated margins and have become more or less spoon-shaped. 
Asa rule they are large but in Diplodocus they are reduced to the 
size of a lead pencil and are confined to the extreme anterior part 
of the jaws. Claws also are clearly derived from those of carnivores, 
as they are laterally compressed, but not so curved, and give no 
evidence of grasping powers. The foot bore at least three such 
claws, while the hand evidently possessed but one. The food must 
have consisted of some abundant and easily obtainable aquatic 
plants which were probably dislodged by the claws and rake-like 
teeth and swallowed without mastication. The occasional pres- 
ence within the ribs of highly polished siliceous pebbles of a ma- 
terial foreign to the matrix in which the specimens were found 
points to some sort of a muscular gizzard-like structure which, 
aided by the stones, could reduce the otherwise inert mass of food 
to a proper condition for subsequent digestion. Such a thing is 
not without modern or ancient parallel. 


1 This was first brought to the author’s attention by an exhibition of moving 
pictures of African life taken by James Barnes. Hornaday also records it in his 
Two Years in the Jungle. He says: “I noticed that Crocodilus palustris [the 
‘mugger’ of India] has one habit which I never observed in other saurians. . . 
They often stand high up on their legs, and walk off like big iguanas, carrying 
their bodies from six to eight inches above the ground. It is a very novel sight 
‘to see an eight-foot crocodile actually stand up and walk, but from the fact 
that I saw it done by seven or eight individuals, it would seem to be a regular 
habit with them. The end of the tail always touches the ground, but that mem- 
ber is not dragged by any means. I saw one lean individual run at a very good 
pace in that position.” 
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Among the notable sauropod genera is Brontosaurus (Fig. 156 
and Pl. XI), of which the very complete original specimen is pre- 
served at Yale. A mounted specimen of similar proportion in the 
American Museum of Natural History measures 66 feet 8 inches 


Fic. 156.—Restoration of Brontosaurus, based upon a specimen in the American 
Museum of Natural History. Length, about 66 feet. Comanchian, western 
North America. (After Lull, from Schuchert’s Historical Geology.) 


long and had an estimated living weight of 38 tons. This specimen 
is from the Comanchian near Medicine Bow, Wyoming, and the 
Yale specimen came from Como Bluff, half a dozen miles away. 
Diplodocus (Fig. 157 and Pl. IIL), another sauropod, differs from 
Brontosaurus in the more slender form, so that even with a length of 
87 feet it was by no means so weighty as the latter. All of these crea- 


Fic. 157—Restoration of the sauropod dinosaur, Diplodocus, based 
upon the mounted specimen in the Carnegie Museum. Length, 87 feet. 
Comanchian, Wyoming. (After Lull, from Schuchert’s Historical 
Geology.) 


tures had most of their length in the extremely slender neck and tail, 
the body being comparatively short and compact, quite elephan- 
tine in fact, especially when viewed in connection with the limbs. 
In Diplodocus, possibly also in Brontosaurus, the terminal ten feet 
of the tail was like a whiplash, as the contained vertebre did not 
decrease further in size. This may have proved a very efficient 
weapon of defense if its use was analogous to that of certain modern 
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lizards in which the tail has much of the effectiveness of a black- 
snake whip. Aside from this caudal whiplash the Sauropoda were 
apparently weaponless, relying entirely upon their huge bulk or 
upon submergence for immunity from attack. An essentially com- 
plete skeleton of Diplodocus from Sheep Creek, Wyoming, about 15 


Fic. 158.—Restoration of Brachiosaurus, the most ponderous sauropod. 
Length, about 80 feet. Comanchian, North America and East Africa. (Modified 
from Matthew.) 


miles from Bone Cabin quarry, is now mounted in the Carnegie 
Museum at Pittsburgh. See Plate ITI. 

By far the most gigantic of sauropods has been made known to 
us in its entirety from East Africa, whence with characteristic 
effectiveness the German government has secured a large amount 
of material upon which its savants were at work at the out- 
break of the great war. This creature, to which the appropriate 
name of Gigantosaurus has been given, is evidently the same as 
that described by the American, Riggs, as Brachiosaurus (Gr. 
Spaxiwv, arm), out of deference to its mighty fore limbs, which, 
contrary to dinosaurian custom, exceeded the hind ones in length. 
If its proportions were those of Diplodocus, as the German authori- 
ties at first imagined, 120 feet for its total length would not be far 
from right, but the tail proves to be short, which brings the length 
down to 80 feet or more. Matthew therefore regards the creature 
as somewhat exceeding Brontosaurus and Diplodocus in total bulk, 
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but distinguished by much longer fore limbs and an immensely 
long neck—a giraffe-like wader adapted to take refuge in deeper 
waters, more out of reach of the fierce carnivores of the land. See 
Fig. 158. 

Not all.Sauropoda, however, were large, for the author has re- 
stored from the Potomac beds (Comanchian) of Maryland an adult 
form, Pleurocelus, whose total length did not exceed 12 or 13 feet. 

The Sauropoda, judging from their huge bulk, were evidently 
senile forms, and one would hardly expect their survival over a 
long period of geologic time, so that while their more conservative 
relatives, the carnivores, persisted, these forms were early released 
from the excessive burden of the flesh and suffered racial death 
early in Comanchian time, some millions of years before the passing 
of the dinosaurian dynasty. We know of no reason, other than 
racial old age or a restriction of their peculiar habitat, for their 
extinction. 
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CHAPTER XXXI 


BEAKED DINOSAURS AND ORIGIN OF BIRDS 


Ornithischia 


The general characters of the Ornithischia, the predentate or 
beaked dinosaurs, have already been given (page 506). They 
were derived in common with the Saurischia from the parasuchian 
stock, and the Ornithopoda, the more conservative of them, under- 
went an evolution which very closely paralleled that of the car- 
nivores. Like the Saurischia, they too gave rise to aberrant races, 
which however did not as in the Sauropoda emphasize bodily bulk 
so much as arms and armor, and among the later of them were 
those whose grotesque bizarrerie exceeded that of any known ter- 
restrial forms. None of the Ornithischia was large compared 
even with the carnivores, and their bulk was vastly less than that 
of Brontosaurus. 

First Record.—The first known record of Ornithischia is that 
of their fossil tracks upon the Connecticut valley late Triassic 
rocks, for with some of the footprints are seen the impressions of 
smaller hands whose five fingers were armed with rounded claws, 
like those of known predentates but totally dissimilar to the grasp- 
ing claws of a carnivore (Fig. ror). And in contemporaneous rocks 
from far-off Colorado has been found Nanosaurus which has been 
recognized as pertaining to this order. Doubtless the Ornithischia 
antedated the close of Triassic time, but there is little evidence 
that their antiquity is as great as that of the Saurischia. 

Ornithopoda.—Aswe have seen from the classification (page 505), 
three suborders of Ornithischia are recognized. Of these the first 
is the Ornithopoda, which includes bird-footed forms, unarmored, 
and bipedal in gait, though unlike the carnivores they occasionally 
assumed the quadrupedal posture while resting or feeding. Two 
of the more notable genera are the Connecticut valley Anomepus 
(see Fig. ror) and Sauropus, known only from the footprints and 
with an estimated length varying from 2 to 8 feet. The Colorado 
Nanosaurus mentioned above is another small form, as yet im- 
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perfectly known. These are all Triassic. Jurassic Ornithopoda 
are unknown in America, though they presumably lived in some 
part of the continent, the absence of a fossil record corresponding 
to the absence of strata suitable for their preservation. 

The Comanchian is characterized by two American genera, 


Fic. 159.—Restoration of the predentate dinosaur, Camplosaurus. Average 
length, about ro feet. Comanchian, North America. (After Lull, from Schu- 
chert’s Historical Geology.) 


Laosaurus, a slender type not exceeding 614 feet in length, and 
Camptosaurus (Figs. 159; 163, A), several more or less complete 
skeletons of which are known from Wyoming. The latter are 
conservative in character and in size, ranging from 7 to 17 feet. 

A related form is [guanodon (Figs. 160; 161; 163, B) from Europe, 
known from no fewer than seventeen remarkably preserved skeletons 
found in a coal mine at Bernissart in Belgium. These crea- 
tures had evidently fallen into an open fissure in the ancient Car- 
boniferous strata and there, unable to extricate themselves, they 
died, were buried, and were subsequently preserved together with 
the remains of other reptiles. Their skeletons, ten of which are 
mounted erect, the others prone on the rock, are to be seen in the 
Brussels Museum of Natural History. Iguanodon was about 34 
feet in length and bore upon the hand by way of weapon a peculiar 
spike-like thumb. Remains of the genus have also been found on 
the Isle of Wight, whence it was described by Sir Richard Owen 
long before the fortunate Belgian discovery. 
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Fic. 160.—Skeleton of Iguanodon bernissartensis. (After Marsh.) 


Fic. 161.—Restoration of [guanodon. Cretaceous of Belgium and the Isle of 
Wight. (After Heilmann.) 
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The English Wealden (Comanchian) besides yielding Igwanodon 
has produced a smaller form, Hypsilophodon, peculiar in having 
teeth in the anterior part of the mouth, a characteristic which 
distinguishes it from every other beaked dinosaur of which our 
knowledge is sufficiently complete to make a comparison, and in 


Fic. 162.—Restoration of Trachodon, based upon the mounted skeleton in 
the Yale University Museum. Length, 23 feet. Cretaceous of North 
America. (After Lull, from Schuchert’s Historical Geology.) 


this regard it must be a persistently primitive form. Possibly the 
Triassic forms also possessed these teeth and this may yet be 
proved. Both Camptosaurus and Iguanodon are known from the 
European Middle Jurassic on. 

The Comanchian of Tendaguru, East Africa, whence came the 
Brachiosaurus {page 516), has also produced an Jguanodon-like 
form, but the details of its structure are not yet announced from 
Berlin. 

Cretaceous time produced several genera of Ornithopoda, which — 
may collectively be called duck-billed dinosaurs from the peculiar 
character of the mouth, the anterior part of which was broad and 
flat as the name implies while the hinder portion of the jaws con- 
tained the wonderful dental battery of which we have spoken. No 
creature of whatever sort is known to possess more teeth than 
Trachodon, the terminal member of the race. 

Trachodon (Figs. 162; 163, F; Pl. XII) is the best known genus, 
as mounted specimens from Wyoming and Montana may be seen 
at the Yale, American, and United States National Museums. 
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Its length did not exceed 30 feet but it was a fine cursorial type. 
It also possessed a powerful tail which, judging from the vertical 
expansion which the bones imply, was admirably adapted for 
swimming; for Trachodon was the contemporary of Tyrannosaurus 
and the swimming tail must have been most effectively used when, 
hard pressed, it took to the water for safety. Several mummied 
specimens of Trachodon have come to light, one of which from 
Wyoming, preserved in the American Museum, is truly marvel- 
ous in the degree of its perfection, for not only is the skeleton 
entirely articulated except for its hind feet and tail, but the skin, 
shrunken down on the bones by the heat of the sun immediately 
after death, is also perfectly preserved, together with traces of 
muscles and tendons. The skin was utterly without defensive 
armor, for as now preserved it is very thin and is covered with 
small tubercle-like scales. The hands, which possessed four fingers, 
were webbed, but whether or not the feet were webbed is not 
known. They were, however, in other related types (Corytho- 
Saurus). 

Trachodon comes from the close of the Cretaceous, the so-called 
Lance formation. In rocks of a preceding age, Judith River and 
Edmonton, there have been discovered some curiously grotesque 
allied forms, Saurolophus with a backward extended crest on the 
skull, and Corythosaurus with a most remarkable helmet-like 
heightening of the cranium. Both of these are known from articu- 
lated specimens collected in the Red Deer region of Alberta, Canada, 
by Mr. Barnum Brown, who by his discoveries has brought us to a 
clearer understanding of so many of the formerly ill-known Cre- 
taceous forms. ‘These creatures, however, were not confined to 
the West, for the New Jersey Cretaceous marl beds have produced 
Hadrosaurus, an ally of Trachodon and a form which has been 
known to science for many years. (See Fig. 163.) 

Stegosauria.—The Stegosauria or armored dinosaurs were all 
quadrupedal, doubtless owing to the great weight of their arma- 
ment. The armor took the form of high crested plates or spines, 
or of massive armor plates sometimes welded into a broad cuirass 
over the hips, evidently the most vulnerable portion of the creature’s 
anatomy. They may well have evolved from the iguanodont-like 
dinosaurs, developing the armor and consequent modifications 
of the frame as a defense against their carnivorous enemies. The 
degree of perfection of the armor in some of the later forms is such 
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Fic. 163.—Skulls of unarmored predentate dinosaurs. A, Camplosaurus, and 
B, Iguanodon, Jurassic and Comanchian; C, Gryposaurus, and D, Corythosaurus, 
Mid-Cretaceous (Belly River); E, Saurolophus, late Cretaceous (Edmonton); F, 
Trachodon, latest Cretaceous (Lance). All one twenty-fifth natural size. (After 
Matthew.) 


as to render them practically invulnerable to any form of animal 
attack. 

The oldest known stegosaurian is Scelidosaurus from the English 
Lias (Lower Jurassic) formation, where the single known specimen 
was entombed, strangely enough, in marine strata, due probably 
to its floating carcass having drifted out to sea from some ancient 
river beside which it lived. As preserved in the British Museum 
of Natural History, Scelidosaurus is only 12% feet long and its 
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Fic. 164.—Restoration of the armored dinosaur, Stegosaurus, based upon the 
mounted skeleton in the Yale University Museum. Length, about 20 feet. 
Comanchian, Wyoming and Colorado. (After Lull, from Schuchert’s Héstorical 
Geology.) 3 


armor consists of two rows of oval bony scutes each with a low 
fore-and-aft keel not unlike similar elements in a modern crocodile. 
In addition to these there are a pair of large spines on the shoulders. 
In late Jurassic and early Comanchian (Wealden) time we have 
recorded several armored dinosaurs in England and the adjacent 
continent, known as Polacanthus and Omosaurus. Of these the 
former is small, not over 12 feet in length by 3 in height, with a 
broad rump-shield formed of coalesced plates, and sundry spine- 
like plates which have been arranged by the restorer in two rows 
along the neck, back, and tail. Their precise position, however, is 
not assured. Omosaurus is another heavily armored form, some 
species of which were very large; it is as yet incompletely known. 
Stegosaurus (Figs. 164, 165; Pl. XIII) was a late Jurassic and 
early Comanchian type, but in spite of the fact that it has given 
its name to the group of armored dinosaurs, it was not typical, 
being a highly spinescent senile side branch which died out without 
issue. In many ways this was the most grotesque of dinosaurs, 
an awkward angular brute, very high at the rump and low at the 
withers, with the back ornamented by two rows of huge upstanding 
plates and the end of the tail armed with fearful horn-like spines 
25 inches or more in length. The huge plates which ran along the 
back culminated in the ones over the pelvis or the base of the tail, 


Pirate XIII.—Skeleton of the armored dinosaur, Stegosaurus ungulatus, mounted 
in the Yale University Museum. 
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beyond which they diminished. A study of the skeleton mounted 
at Yale and another articulated specimen at Washington betrays 
great muscular power especially in the tail and hind limbs. The 
inference is therefore that the plates served for passive, the spines 
for active defense, possibly offense. But the nervous system of 
Stegosaurus is the 
most remarkable 
feature, for its brain 
was very diminu- 
tive, the entire cra- 
nial cavity having 
a volume of but 56 
c.c. Thus the esti- 
mated weight of the 


brain could not have 
exceeded 21% ounces, 
while the total 
weight of the ani- \ 
mal must have been 
B 


greater than that of 
the largest of living Fic. 165.—Brain (A) and sacral enlargement (B) of 


el eph ants whose eo aa RS Drawn to scale, one-fourth 
brain averages at 
least 8 pounds, fifty times that of the dinosaur. In comparing 
the relative potential intelligence of the two, one has also to 
bear in mind the great preponderance of the cerebrum, the 
seat of intellect, over the other parts of the elephantine brain, 
while in Stegosaurus the cerebrum constituted hardly more than a 
third of the entire brain weight. Or, as Professor Williston has 
expressed it, the seat of a stegosaur’s intelligence is no greater in 
volume than that of a three-weeks-old kitten! In contrast with 
the diminutive brain-case, however, the neural canal in the sacrum 
is of startling dimensions, for a cast thereof displaces no less than 
1200 c.c. of water, thus giving it a mass more than twenty times 
that of the brain.’ This was the seat of the reflex and codrdinating 
control of the huge hind limb and caudal muscles and is further 
evidence of their very frequent and effective use. The life of 
Stegosaurus was not psychological, but essentially physiological— 
an animated, largely automatic machine! 

The Cretaceous rocks of North America have produced other 
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more conservative armored dinosaurs, Nodosaurus, Stegopelta, 
and Ankylosaurus, of which the last, again owing to the successes 
of Barnum Brown, is the best known. Ankvlosaurus was a con- 
temporary of Tyrannosaurus and the duck-billed dinosaurs, and 


Fic. 166.—Heads of horned dinosaurs, Ceratopsia. A, Monoclonius, Upper 
Cretaceous (Belly River); B, Styracosaurus, Belly River; C, Triceratops, upper- 
most Cretaceous (Lance); and D, Torosaurus, Lance. Drawn to scale. Toro- 
saurus skull 8% feet long. (After Lull, from Schuchert’s Historical Geology.) 


was, as Matthew says, “more effectively though less grotesquely 
armored than its more ancient relative [Stegosaurus]. The body is 
covered with massive bony plates set close together and lying flat 
over the surface from head to tip of tail. While the stegosaur’s 
body was narrow and compressed, in this animal it is exceptionally 
broad and the wide spreading ribs are codssified with the vertebre, 
making a very solid support for the transverse rows of armor 
plates. The head is broad triangular, flat-topped and solidly 
armored, the plates consolidated with the surface of the skull and 
overhanging sides and front, the nostrils and eyes overhung by 
plates and bosses of bone; and the tail ended in a blunt heavy club 
of massive plates consolidated to each other and to the tip of the 
tail vertebrae. The legs were short, massive, and straight, ending 
probably in elephant-like feet. The animal has well been called 
‘the most ponderous animated citadel the world has ever seen’ 
and we may suppose that when it tucked in its legs and settled down 


BEAKED DINOSAURS AND ORIGIN OF BIRDS 527 


on the surface it would be proof even against the attacks of the 
terrible Tyrannosaur.”’ 

Ankylosaurus is a remarkable reptilian prototype of the armored 
mammalian glyptodonts of the Pleistocene, the similarity even 


Fic. 167.—Restoration of the horned dinosaur Triceratops. Length 20-25 
feet. Upper Cretaceous (Lance), western North America. (After Lull, from 
Schuchert’s Historical Geology.) 


extending to a club-like fusion of armor on the tail, especially in 
the genus Dedicurus. In Dedicurus’ day it was the great saber- 
tooth cat, Smilodon, against whose attacks the creature may have 
guarded itself in much the same way as the ankylosaur met those 
of Tyrannosaurus. 

Ceratopsia.—The horned dinosaurs, or Ceratopsia, are, as far as 
we know, exclusively North American, and more than that, their 
remains come entirely from the eastern uplift of the Rocky Moun- 
tain region from Alberta to New Mexico. That they lived only 
within these narrow limits, however, is hardly to be supposed; but 
their source and origin are alike unknown. Their geologic range 
is also brief in extent, as they are confined exclusively to the Upper 
Cretaceous period. The degree of their evolution when they first 
appear is, however, indicative of an origin not later than the Co- 
manchian. 

Triceratops (Figs. 166, C; 167) isa late Cretaceous member of the 
group, but is the best known and may be taken as typical. It was 
a huge creature of rhinocerine aspect, from 20 to 25 feet in length, 
of which from one-quarter to one-third consisted of the great head, 
for whereas in all other dinosaurs the head is small, here the reverse 
is true. This is due partly to the great expansion of the cranial 
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roof for the support of the horns, but particularly to the backward 
extension of the rear of the skull into a widely expanded frill or 
crest for the protection of the neck, and also for the attachment 
of the powerful muscles of the back of the neck, giving this group 
of animals tremendous prowess, correlated with their armament 
and the great bulk and power of the enemies which they were called 
upon to withstand. One Triceratops skull in the Yale collection 
measures 8 feet over all, and that of the allied Torosaurus 8% feet, 
making the latter the largest known skull of a land animal. 

The skeleton of Triceratops mounted in the United States Na- 
tional Museum gives evidence of enormous strength, especially in 
the great fore limbs and shoulders. But the armament was the most 
striking thing, for the mouth was armed anteriorly with a sharp 
cutting beak like that of a turtle, and the nose and portion of the 
skull above the eyes bore huge horns, three in number, hence the 
name Triceratops (three-horned face). Ceratopsia are known from 
three geologic levels, the Judith River (=Belly River), then the 
Edmonton, and finally the Lance. In the Judith River forms the 
nasal horn was always the dominant one, straight or curved either 
forward or backward, while the frontal horns above the eyes ranged 
from mere rudiments to fairly well developed organs. The prin- 
cipal Judith River genera were Monoclonius (Fig. 166, A) and 
Ceratops. Another was Styracosaurus (Fig. 166, B), which was 
marvelously spinescent, having a huge straight nasal horn and at 
least eight more horn-like processes around the margin of the frill. 
The crest in all of these earlier types was incomplete in that it was 
penetrated by two large apertures, one on either side. In Lance 
forms the frontal horns were predominant, and were very long in 
the later types, while the nasal tended to reduce, becoming en- 
tirely obsolete in one genus, Diceratops. Triceratops and Diceratops 
both had a completely bony frill with no trace of the ancestral 
apertures. In Torosaurus (Fig. 166, D), on the other hand, while 
the horns were like those of Triceratops, the two apertures still 
persisted in the immensely expanded crest. That these horns and 
the defensive frill were put to actual use is highly evident, for broken 
and healed horns, broken jaws, and punctured crests are not unusual 
with these skulls. And these are the deep and grievous wounds, 
doubtless few compared with the many superficial injuries which 
_ the creatures must have suffered in the combats of rival males or in 
defense against their arch enemy, the tyrant saurian. 
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Summary 


As in the history of nations the members of various human races 
intermingle, so the dinosaurs are interwoven not alone with the 
various types of their own stock, but with the other kinds of an- 
imals and plants which together with physical conditions go to make 
up the environing complex. A summary.of the changing life con-: 
ditions with their influence on the successive dinosaurian societies 
is necessary to an understanding of their evolution. 

The first relics of dinosaurian life are found in the early Mesozoic 
(Mid-Triassic) rocks of Central Europe, though as they appear 
shortly after in those of North America one is led to infer that the 
initial evolution occurred in what may have been an annectant 
land mass lying across the North Atlantic. Ancestrally, the dino- 
saurs were quadrupeds remotely related to the crocodiles; but the 
increasing aridity of climate, clearly indicated by the character 
of the geologic sediments, placed a high premium on ability to 
travel rapidly and far in search of food and drink, and may well 
have been the impelling force that raised these creatures erect from 
the prone gait and posture of their progenitors and stimulated their 
rapid evolution into the several types. 

The so-called continental rocks include such as are formed by 
stream-borne and lake-borne sediment or by sands and volcanic 
ash carried by the winds. In contrast to marine deposits these are 
extremely scarce, and yet they alone, with rare exceptions, contain 
the remains of terrestrial animals. We are given, however, aside 
from scattered records, three or four vivid pictures of the environ- 
ment, both physical and organic, wherein the dinosaurs dwelt. 
Fortunately for us these glimpses are given in the early stages, in 
the middle, and at the close of the dinosaurian career, showing the 
race in the period of its youth, its full maturity, and in its extreme 
old age. 

Triassic.—The first of these pictures is of great interest, for the 
scene is laid in what is now the Connecticut valley; the time, late 
Triassic. Here one must image a broad valley rimmed by environ- 
ing uplands of older rocks, in its climate and sparse vegetation 
similar to the conditions to be seen to-day by the traveler through 
the semiarid regions of the great Southwest. ‘The plant life is 
somber: huge scouring rushes, ferns, and pines, with no flowering 
plant to break the monotony of the dull dust-covered greens. Here 
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and there are dry stream-beds carrying at times great floods, while 
occasionally there are formed extensive bodies of water with char- 
acteristic insects and other invertebrates, fishes, and crocodile-like 
reptiles. In the Connecticut valley deposits, skeletons are ex- 
tremely rare and the few which have been found are largely those 
of dinosaurs, and in but three or four localities. The footprints, 
however, for which this region is justly famous, are numberless, 
and indicate hosts of creatures of more than a hundred kinds, a 
fuller record of vertebrate life than in any other time and place 
in the geologic past. The dinosaurs are mainly carnivorous, though 
impressions of the feet of herbivores give indubitable evidence of 
their presence at this time. 

Comanchian.—During the long Jurassic period, the second 
division of the reptilian age, the known fossil-bearing rocks are so 
largely of marine origin that, except for rare instances where the 
animal has accidentally been carried into the sea, the record of 
terrestrial life is almost a blank. At the close of the Jurassic, how- 
ever, at the time when the long-drawn-out Cretaceous (Coman- 
chian+Cretaceous) had its beginning, we have another glimpse 
of well-nigh the entire assemblage of dinosaurian life. The scenes 
are laid along the eastern United States from Maryland southward, 
but more notably in Wyoming, Colorado, and Utah, and in the Old 
World in southern England and northern France and Belgium. 
In contrast with the aridity of the former scene the climate is now 
moist, and the eye ranges over an extensive, low-lying country 
with misty bayous in which the huge Sauropoda, now in the flower 
of their evolution, find retreat. In Europe and western America 
the vegetation, though far more luxuriant, is of the same monot- 
onous type as that of the Trias; but in central and eastern America 
appear representatives of the flowering plants, the dominant flora 
of to-day. Here are predentate dinosaurs, armored and unarmored, 
and while the former are still relatively few, Stegosaurus already 
shows the senile grotesqueness which heralds its extinction. Car- 
nivores small and large, now in their millennium of numbers and 
differentiation, ceaselessly seek their prey. 

Late Cretaceous time ushers in the third and last scene, of much 
the same geographic extent as before, but with the sharp contrast 
of an essentially modernized flora, for the forests now contain many 
familiar trees and plants though often in unfamiliar combinations. 
Again our record is of low-lying country—stretches of everglade . 
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and swamp lands with higher areas between—but the denizens 
have changed; for while the carnivores are now in their maximum 
of size, the Sauropoda have run their course and died without 
issue. Unarmored dinosaurs are in their prime, only in rare cases 
showing indications of degeneracy, while the relatively few heavily 
armored types are represented by the most impregnable of their 
race. The horned dinosaurs, apparently exclusively American, 
begin and end their brief evolutionary career. 

Thus it will be seen that the law of the balance of nature was 
as operative during the Mesozoic as it is to-day, and that as the 
carnivores grew and waxed mighty, the herbivores were forced 
to meet the menace of their aggression in several ways; either by 
increase in numbers, for the remains of carnivores are very rare 
compared with those of the herbivorous orders, or by speed, or by 
increase of bulk, which also meant a partial forsaking of the ter- 
restrial habitat as with the Sauropoda and Trachodontide. Or 
it meant the development of armament, either of defensive armor 
as in the stegosaurs, or of aggressive armor and weapons as in the 
ceratopsians. The lack of brain power placed a premium upon 
brutality, and never, perhaps, before nor since has the animal 
world felt to so great an extent the burden of preparedness. 

Extinction.—One of the most inexplicable of events is the dra- 
matic extinction of this mighty race, for in the rocks of undoubted 
Tertiary age not a single trace of them remains. One student 
has argued internecine warfare amongst the dinosaurs themselves; 
another, the destructive slaughter, not of adults but of the young, 
possibly while yet in the egg, by small bloodthirsty mammals; 
yet another, change of climate, either by the diminution of the 
necessary heat without which no reptilian race may thrive, or of 
the moisture with an accompanying change of vegetation. These 
are all conjectural causes of extinction; but this we know, that 
with the extensive changes in the elevation of land areas which 
marked the close of the Mesozoic came the draining of the great 
inland Cretaceous seas along the low-lying shores of which the 
dinosaurs had their home, and with the consequent restriction 
of old haunts came the blotting out of a heroic race. Their career 
was not a brief one, for the duration of their recorded evolution 
was thrice that of the entire mammalian age. They do not repre- 
sent a futile attempt on the part of nature to people the world 
with creatures of insignificant moment, but are comparable in 
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majestic rise, slow culmination, and dramatic fall to the greatest 
nations of antiquity 


ORIGIN OF BIRDS 


Von Huene in his classification of 1914 derives the birds from 
the same stock that gave rise to the ornithischian dinosaurs, and 
Huxley years ago recognized the very close reptilian affinities of 
the birds by calling them “glorified reptiles.” 

Avian Distinctions.—The principal points of contrast between 
birds and the ornithischian dinosaurs of the more generalized type 
lie not in the character of the pelvis or of the foot, nor in the pres- 
ence of ossified tendons along the vertebral column, nor in the 
presence of teeth, for these are all likenesses, and only a few out of 
many such. The main distinctions are due almost without excep- 
tion to the assumption on the part of the bird of aérial life, and 
hence the birds may be considered simply the volant branch of a 
group of which the ornithopod dinosaurs were the terrestrial mem- 
bers. : 

As a result of their flying adaptation, birds have the fore limbs 
transformed into wings, and the scales, except for those on the 
feet, altered into feathers for warmth and to increase the alar 
extent. The blood becomes warm, with an adaptation to maintain 
it at a given temperature, which may, however, have been true 
possibly to a limited extent of the dinosaurs. The birds also have 
developed pneumaticity of the skeleton for lightness and an ex- 
tensive system of air cells throughout the body. Their organs of 
nutrition are highly developed because of the great expenditure 
of energy which flight necessitates and their circulation is very 
perfect, which again may have been true of dinosaurs, but this 
we have no means of knowing. The loss of teeth is foreshadowed 
in the dinosaurs, the dental battery of Stegosaurus being a very 
inadequate thing, not so efficient in fact as that of the Cretaceous 
birds, while in Struthiomimus teeth were entirely lacking. 


Origin of Flight 


Several hypotheses have been advanced to account for the 
origin of flight, one group of authorities postulating an antecedent 
arboreal life, while others would derive flying forms from those of 
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cursorial habits, and yet others (Lucas, see page 360) believe that 
the birds*are diphyletic, the carinate or flying birds having an 
arboreal ancestry while the ratite or cursorial birds were of ter- 
restrial stock. 

Cursorial origin of flight has been advocated mainly by the 


Fic. 168.—Restoration of a hypothetical proavis, or ancestor of the birds. 
(After Nopcsa.) 


Hungarian paleontologist, Francis Baron Nopcsa. A discussion 
of his theory follows. Nopcsa does not believe that the flight of 
bats and pterodactyls, which fly by means of patagia, and birds, 
which fly by means of feathers, could possibly have arisen in the 
same way, for the patagium-flier must always adapt both fore 
and hind limbs and tail to the support of the membrane, whereas 
in a generalized feathered animal only the feather-supporting ele- 
ments need become affected by volant specialization. The de- 
velopment of the posterior limb in such an animal is but little if 
at all affected by the development of flight. The hind limbs of 
birds are so similar in structure to those of the cursorial dinosaurs, 
in which so far as we know no flying powers were ever developed, 
that the type of modification which they both represent can only 
be interpreted in the light of a function possessed by each. 

The inference is therefore that birds arose from bipedal long- 
tailed cursorial reptiles which, during running, oared along in the 
air by flapping their free anterior extremities. These would of 
course be more effective if their breadth could in some way be 
increased to give them a greater bearing surface, and the increasing 

size of the scales along the arm margin would be a ready means to 
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this end. Similar scales might develop along the margins of the 
tail for the same reason that lateral hairs have developed on the 
tail of certain bipedal mammals (jerboa, see Fig. 55). These 
scales would extend, lighten, and ultimately evolve into feathers 
which would not only subserve the function of flight but, acting 
as clothing, retain and aid in the increase of temperature, which 
in turn would help to improve both the physical and mental activ- 
ity of these forms, and this is a sufficient reason for the dominance 
of the birds over all other aérial rivals and for their survival after 
the extinction of their dinosaurian kindred. 

Arboreal origin of flight is urged by Osborn and others, and only 
recently a close student of birds, Mr. C. William Beebe, has brought 
forth a theory of the origin of flight consistent with this belief, 
which has several novel features. Beebe advances the idea that 
Archeopteryx had not yet attained the power of true flight, be- 
lieving that the fore limbs as well as the hind were rigidly ex- 
tended at right angles to the sides of the body and not flapped. 
Beebe’s theory of the origin of flight in birds is novel and is based 
upon the presence of series of sprouting quills (not clothing feath- 
ers), found in newly hatched birds, running from the outer, upper 
part of the hind leg just below the knee nearly to the base of the 
tail. These quills are placed just where, if developed, they would 
form a sort of winglet on either side, which, combined with the 
tail, would afford excellent support for the hind part of the body. 
Just such tufts of feathers are known to have occurred in Arch- 
@opteryx (Berlin specimen), and Mr. Beebe concludes that, like 
the back fins of the flying fish, they served to support the hinder 
part of the body as the creature sailed through the air. A most 
striking bit of evidence is the fact that just as overlapping coverts 
are found above the secondaries of the bird’s wing and alternately 
with them, so the bristle-like quills on the thigh of the pigeon are 
surmounted by a series of quills placed precisely like the wing 
coverts. 

Beebe’s theory based upon this evidence and that offered by 
Archeopteryx is that ‘somewhere near the lower Jurassic, about 
seven million years ago, both fore and hind limbs bore feathers; 
but neither pair of limbs took an active part in aérial locomotion, 
their function being that of planes, purely passive.” This phase of 
the development Beebe terms the Tetrapteryx or four-winged stage 
(see Fig. 169). At this stage, to quote from Beebe, “flight was 
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merely gliding, the fingers were too free, the arm bones too delicate, 
the sternum small or absent, and these facts considered in connection 
with the small, weak pelvis make it impossible to picture the crea- 
ture flying skillfully about. In succeeding generations the pelvic 
wings would become more and more reduced. Having arisen from 


Fic. 169.—Tetrapteryx, the ancestral four-winged reptilian bird. Hypothetical. 
(After Beebe, from Lucas.) 


among the surrounding scales, they had for a time volplaned through 
the air of early ages, a structure passive, and, as future centuries 
would show, of merely transitory function. , Yet they were of tre- 
mendous importance in allowing the pectoral scales to develop, to 
become feathers, and then to assume an importance which was to 
make the class of birds supreme in the air. . . . Millions of years 
after they were of use, the feathers of the pelvic wing are still re- 
produced in embryo and nestling. And for some unknown reason, 
nature makes each squab pass through this Tetrapteryx stage. 
The line of feathers along the leg of the young bird reproduces in 
this diminutive, useless way the glory that once was theirs. No 
fossil bird of the ages prior to Archeopleryx may come to light, but 
the memory of Tetrapteryx lingers in every dove-cote” (Lucas). 
Gregory’s Theory.—Dr. W. K. Gregory, after weighing the hy- 
potheses advanced above, presents a compromise theory. He says: 
“The pro-Aves were surely quick runners, both on the ground and 
in the trees, but it is not yet clear whether the upright position was 
first attained upon the ground or in the trees. They very early 
acquired the habit of perching upright on the branches, as shown 
by the consolidated instep bones, grasping first digit and strong 
claws of Archeopteryx (see Plate XIV). Their slender arms ended 
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in three long fingers provided with large claws which were at first 
doubtless used in climbing. 

“These active pro-Aves contrasted widely in habits with their 
sluggish remote reptilian forebears. In pursuit of their prey they 
jumped lightly from branch to branch and finally from tree to tree, 
partly sustained by the folds of skin on their arms and legs and 
later by the long scale-feathers of the pectoral and pelvic ‘wings’ 
and tail. That they held the arms perfectly still throughout the 
gliding leap still appears doubtful, for all recent animals that do 
that have never attained true flight. I cannot avoid the impression 
that a vigorous downward flap of the arms, even before they be- 
came efficient wings, would assist in the ‘take off’ for the leap, and 
that another flap just before landing would check the speed and 
assist in landing.” 

The time of avian evolution was certainly not later than the 
early Jurassic, for Jurassic birds are recorded in the rocks. In 
all probability it was Triassic or even earlier, but the more conser- 
vative estimate is safer (see, however, Epilogue). 


Geologic Record 


Upper Jurassic.—Archeopteryx, the earliest recorded bird, is 
known from two well preserved specimens, one headless, now in the 
British Museum in London, the other, which bears a head, in Ber- 
lin. They are both from the lithographic quarry at Solenhofen, 
Bavaria, and were contemporaries with Compsognathus, not, as 
we have seen, the earliest, but the smallest known dinosaur. 

Archeopteryx was about the size of a crow, feathered, and with 
fair powers of flight. There were, however, several characteristics 
wherein it was more reptile-like than are modern birds. These are 
the presence of teeth in both jaws, the free, clawed fingers of the 
hand which were not yet fused into the form of the modern wing, 
the feebly developed sternum, and especially the possession of a 
long tail on either side of which the rectrices or steering feathers 
were arranged. In all subsequent birds the tail is shortened and 
the feathers are disposed fan-wise (see Fig. 87, A; and Pl. XIV). 

Cretaceous.—The Cretaceous chalk (Niobrara) of Kansas has 
produced the next recorded avian remains in geologic time. These 
strata are marine, for besides invertebrates and sharks and other 
sea-fishes, they contain mosasaurs, sea-turtles, plesiosaurs, and the 


Puate XIV.—The earliest known bird, Archeopteryx macrura, Upper 
Jurassic, Solenhofen, Bavaria. (Restoration by Heilmann.) 
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Prate XV.—Skeletons of Hesperornis, a toothed diving bird from the Cre- 
taceous (Niobrara) of Kansas. Standing specimen, H. regalis; swimming, H. cras- 
sipes. (From the mounted skeletons in the Yale University Museum.) 
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fish-eating pterodactyls Nyctosaurus and Pteranodon. The birds 
belong to two main sorts, both of which were doubtless aquatic, 
but the larger of them, Hesperornis (see Pl. XV), was especially so, 
since it had lost the power of flight. The other, Ichthyornis, was a 
small tern- or gull-like bird well endowed with flying powers and 
essentially modern except that, like Hesperornis, its jaws still bore 
teeth. It is interesting to note, however, that in common with the 
predentate dinosaurs (except Hypsilophodon) the teeth in both 
of these genera were confined to the maxillary and dentary bones, 
the pre-maxillary, which forms the forward part of the upper jaw, 
being toothless. 

Hes perornis was a splendid bird measuring over 41 feet in length, 
with powerful hind limbs which, while rendering the bird awkward 
on land, must have been very adequate swimming organs. Loss 
of flight is indicated by the reduction of the shoulder-girdle, and 
especially of the wing, which is represented by a long, slender 
humerus, the fore arm and hand being entirely lacking. The breast- 
bone also is devoid of a keel for muscular attachment, resembling 
that of an ostrich. On the whole, Hesperornis finds its recent anal- 
ogy in the loons or great divers, and except for its flightless condi- 
tion may have had quite similar habits of life. Other Cretaceous 
genera are known, though very imperfectly, but, so far as our 
knowledge goes, they all agreed in the possession of teeth, although 
in other respects they were essentially modernized. Two wonderful 
mounted skeletons of Hesperornis and two of Ichthyornis, the latter 
unique, are preserved at Yale. 

Tertiary birds leave but little to the imagination, as they are 
essentially those of to-day. It is interesting to note, however, that 
the loss of flight occurred apparently several times among Tertiary 
forms, for even from the Eocene formation in most parts of the 
world numerous big Ratites (z. e., cursorial birds) are known, which 
can only have originated from badly-flying ground-birds, whereas 
in more modern times the Ratites are apparently vanishing from 
the earth’s surface (Nopcsa). 

The birds as a class are a very compact group and do not begin 
to show the range of size and adaptation of the reptiles as a whole; 
in fact, in this respect they hardly rank with the dinosaurs. With 
them it is perfection and multiplication of detail, and the most 
essentially modern among them are the small tree or perching 
birds of the order Passeres. 
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CHAPTER XXXII 
ORIGIN OF MAMMALS AND RISE OF ARCHAIC MAMMALS 


Definition of Mammals.—Mammals may be defined as warm- 
blooded creatures whose body is more or less clothed with hair, 
whose young are produced alive, except in the egg-laying mon- 
otremes, and are nourished for a while after birth by the secretions 
of milk (mammary) glands. The skeleton shows several important 
distinctions from those of reptiles and birds, having a double 
occipital condyle—the articular facets which unite the skull with 
the first cervical vertebra—and having a simple lower jaw. In rep- 
tiles and birds, on the other hand, the condyle is single and the jaw 
is composed of a bony complex. There is also an intervening bone, 
the quadrate, between the jaw and the skull, which is lacking in the 
mammal. A further mammalian distinction lies in the fact that 
the vertebre and limb-bones ossify’ from three separate bone- 
forming centers: the body or shaft, as the case may be, and the 
articular ends or epiphyses. The mammalian dentition is peculiar 
in the local differentiation of the teeth (heterodonty) into incisors, 
canines, premolars, and molars, and also in that there are but two 

sets in series, the milk or lacteal teeth and the permanent ones; 
never does one see anything comparable to the amazing successional 
teeth of the predentate dinosaurs, for instance. Secondarily ac- 
quired simplicity of the teeth may occur as in the toothed whales, 
and the number of successional teeth may be reduced. 

The mammals are certainly the highest class of vertebrates from 
many standpoints; in some ways, however, this place may be dis- 
puted by the birds, but the latter represent the culmination of one 
line of ascent and the mammals another. 


Origin of Mammals 


Stock.—At least two views have been held as to the origin of 


1 All bone consists first of cartilage, the actual bony material, lime phosphate, 
etc., being formed therein in a definite way by the activity of certain cells, the 
bone corpuscles. This is known as ossification. 
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mammals. The older one, that advocated by Huxley in 1880, would 
derive them from the Amphibia. 


For, as he says, the submammalian stage of evolution (already indicated 
by Haeckel under the name Promammale) “would be separated from 
the Sauropsida [reptiles and birds] by its two condyles, and by the reten- 
tion of the left as the principal aortic arch [amphibia and reptiles have 
two; the birds one, the right]; while it would probably be no less differen- 
tiated from the amphibia by the presence of an amnion [see page 494] and 
the absence of branchiz [gills] at any period of life. I propose to term 
the representatives of this stage Hypotheria [Gr. td, under, and 6p, 
beast] and I do not doubt that when we have a fuller knowledge of the 
terrestrial Vertebrata of the later Paleozoic epochs, forms belonging to 
this stage will be found among them. Now, if we take away from the 
Hypotheria the amnion and the corpus callosum [callous body—the 
great commissure uniting the hemispheres of the cerebrum and peculiar 
to mammals] and add the functional branchiz, the existence of which in 
the ancestors of the Mammalia is . . . clearly indicated by their visceral 
arches [seen in the hyoid bone which supports the tongue and in the 
cartilages of the voice box or larynx] and clefts, . . . the Hypotheria, 
thus reduced, at once take their place among the Amphibia. For the 
presence of branchie implies that of an incompletely divided ventricle 
[of the heart] and of numerous aortic arches, such as exist in the mam- 
malian embryo, but are more or less completely suppressed in the course 
of its development. Thus I regard the amphibian type as the represent- 
ative of the next lower stage of vertebrate evolution.” 


Much in Huxley’s theory is undoubtedly correct, except that’ 
authorities do not now believe that the amphibia represent the 
next lower stage, but that there was an intervening condition, one 
in which gill-breathing had been lost but truly mammalian char- 
acters had not yet appeared, although some of them were already 
foreshadowed. 

There are found in Triassic rocks in South Africa a group of rep- 
tiles known as the Cynodontia, in allusion to their dog-like teeth, 
and there seems to be a large body of evidence in favor of the view 
that out of this group, although from no known member of it, the 
mammals have been derived (see Fig. 170). The cynodonts re- 
semble the mammals in the possession of a heterodont dentition, in 
that the teeth are clearly divisible into incisors, canines, and molars, 
and in the paired occipital condyles, in addition to which there 
are similarities of construction. Structurally the cynodonts bridge 
the gap between reptiles and mammals because while the dentary, 
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the single bone of the mammalian lower jaw, is large and important, 
the jaw is nevertheless complex in that it possesses the several bones 
typical of the reptile. There are other reptilian characters as well, 
all of which may reasonably be expected in the remote ancestors of 
the Mammalia. These cynodont reptiles Williston would include 
under the order Therapsida according to his definition, although 
the former name is not specific- 
ally mentioned. This order he 
places low in the reptilian 
scale, far removed from the di- 
nosaurs and birds with which 
we have been concerned, al- 
though capable of as high a 


degree of specialization along Fic. 170.—Skull of cynodont reptile, Vy- 
other lines. thosaurus larvatus, Trias, South Africa. Note 


Ae the mammal-like tooth differentiation, but 
Place of Origin.—While we complex reptilian jaw. Ang, angular; Art, 


find members of this order articular; Dent, dentary; Ju, jugal; L, lach- 
(Therapsida) in both North mab s-mrilary; Ws, msl Pata 
America and Africa, although prefrontal; S. Ang, surangular; Sq, squamosal. 
they must have been much (After Broom, from Schuchert’s Historical 
more widely diffused, it was 0/8”) 

apparently in the latter place that the mammals arose, probably 
due not so much to the potentiality possessed by the reptiles of 
one place over the other as to a happy combination in Africa of a 
potent stock and an impelling cause. 

Cause.—The cause for the origin of the mammals has been men- 
tioned in Chapter XIX under the caption “Significance of cursorial 
adaptation.”” Therein is emphasized the statement made by Broom 
that all of the characters wherein a mammal differs from a reptile 
are the result of increased activity, for he says that when the 
‘ therapsidan took to walking with feet underneath and body off 
the ground, it first became possible for it to become a warm-blooded 
animal. But back of this lay impelling geologic causes which 
Broom does not even hint at. These were, first, increasing aridity 
of climate, which from Permian time’ well into the Jurassic seems 
to have been characteristic of all lands, as the extensive series of 
red sediments imply. And aridity has been found to be a great 
stimulative to speed. Add to this the evidence, especially in the 
southern hemisphere between latitudes 20° and 35°, of extensive 
glaciation—greater even than in the more familiar Pleistocene 


542 ORGANIC EVOLUTION 


Glacial period—and we have a high incentive to the retention of 
bodily heat. For it is well known that cold more than any other 
factor limits the activity of reptiles and effectively prevents their 
distribution into the higher latitudes. For a while, perhaps, there 
were recurring warm seasons, sufficiently long and frequent so that 
a normal reptilian life could still be led, the creature hibernating 
when the weather became too severe. But, as in the case of the 
estivating lung-breathing fishes, sufficient time must still be had 
for the active portion of the creature’s career, so that, although in 
the origin of terrestrial forms premium would be placed upon the 
capability of atmospheric respiration, here it would be upon ability 
to withstand the cold and yet remain active, and the acquisition 
_ of warm blood and a heat-retentive clothing is the only possible 
means to this end. Hence as immediate geologic causes of mam- 
malian evolution we have, first, aridity, the incentive for speed, 
rendering possible the development of warm blood, and second, the 
increasing cold to place a premium upon such as did develop it and 
to eliminate those which did not. 

Time.—The time of mammalian evolution can only be fixed 
within certain limits. Geological evidence, if we have read the 
cause aright, points to its inception in early Permian time for, as 
Schuchert says: ‘‘The evidence is now unmistakable that early 
in Permian times all of the lands of the southern hemisphere were 
under the influence of a glacial climate as severe as the polar one 
of recent times, and that, like the latter, the Permian one also had 
warmer interglacial periods, for coal beds occur associated with 
glacial deposits in Australia, South Africa, and Brazil.” 

On the other hand, the biologic record seems to point to the 
Triassic at any rate as the time of the culmination of the evolu- 
tionary movement, for here are found for the first time the cynodont 
reptiles and the actual relics of the mammals themselves. But 
the cause must always precede the effect and it may be that the 
known cynodonts were persistent reptilian survivors of the group 
out of which the mammals actually sprang, and that the earliest 
known mammals themselves had already had a long transitional 
period. It seems reasonable to believe, therefore, that the time 
of mammalian origin was not later than Middle Triassic nor 
earlier than Lower Permian, and that transitional forms began 
to appear during the period of devastating cold, early in Permian 
time. 
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Mesozoic Mammals 


Deployment.—As with the dinosaurs three important vistas are 
* open to our scientific vision, so it is with the Mesozoic mammals. 
We see them in late Triassic time in Germany and the eastern 
United States, in early Comanchian in eastern Wyoming, and in 
late Cretaceous in the same general region. Again as in the dino- 
saurs, there are other occurrences of less importance, but the three 
mentioned above are so placed in time that their interest is thereby 
greatly increased, for they may be considered roughly to mark the 
stage of evolution of this all-important class at the close of each 
of the three great periods of the Mesozoic—the Trias, the Jura, and 
the Cretaceous. 

General Characteristics.—The general characteristics of Meso- 
zoicmammals are, first, their small size, for the largest known among 
them could hardly have exceeded the stature of a'rat. Their habits 
were doubtless varied. Some had sharp-pointed teeth comparable 
to those of living insectivores (see Fig. 174), and like them adapted 
to a varied animal diet—insects, worms, young birds, and reptiles— 
in other words, such creatures as they overcame, for in all probabil- 
ity the gratification of their appetite was limited largely by their 
lack of prowess. Others had teeth better fitted for an herbivorous 
than an animal diet, with sharp cutting incisors, almost like those of 
a rodent in front, shearing premolars and many-cusped (multi- 
tuberculate), broad-crowned, grinding teeth behind (see Fig. 173). 
In certain instances their teeth are quite suggestive in general form 
of those of the rat-kangaroos of Australia and Tasmania, all of 
which are small animals, hardly exceeding a rabbit in size, nocturnal, 
and feeding on the leaves of various kinds of grasses and other plants 
as well as roots and bulbs which they dig up with their fore-paws. 
There is little doubt of the herbivorous character of these Mesozoic 
forms, although in trying to fix upon a precise dietary from analogy 
the possibilities of the contemporaneous vegetation must always 
be borne in mind. It is interesting to note, too, that these were the 
forms which, as Cope supposed, may have attacked the dinosaurs 
in the egg, their sharp incisors being especially adapted to piercing 
the shell. 


Habitat.—Matthew has discussed in some detail the implied habitat 
of the Mesozoic mammals and has come to the conclusion that they were 
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largely arboreal, his conviction being based chiefly upon the skeletal 
characteristics displayed by their descendants. He says: “The Creta- 
ceous ancestors of the Tertiary mammals were small arboreal animals of 
very uniform skeletal characters, but probably somewhat differentiated 
in dentition according as fruit, seeds and nuts, or insects formed the staple 
of their diet. At the beginning of the Mesozoic the available modes of 
life for land vertebrates were chiefly the amphibious-aquatic, the arboreal, 
and the aérial, the terrestrial habitat being subordinate because the up- 
land flora was largely undeveloped or inedible as compared with its 
present condition. The three available provinces were occupied by 
reptiles, mammals, and birds respectively. In the later Cretaceous the 
spread of a great and varied upland flora vastly extended the terrestrial 
province, and opened a new and constantly widening field for the ex- 
pansion of the Mammalia. . . . The little that is known of the Mesozoic 
Mammalia fits in with our hypothesis of their arboreal habitat but adds 
little to the evidence in its favor. Practically nothing is known of their 
skeletal structure; they are all of small or minute size, with teeth of 
insectivorous or granivorous type. . . . Their minute-size, and associa- 
tion, in strata of fresh or brackish water origin, with large amphibious 
and aquatic reptiles and with abundance of fossil wood, suggest that the 
deposits in which they occur were laid down in extensive forest-clad 
river deltas and coastal swamps, and that the minute Mammalia rep- 
resent the arboreal fauna of these forests.” 


Classification.—The order Protodonta is known from two small 
jaws called respectively Microconodon and Dromatherium. They 
were discovered in a coal mine 
at Egypt, North Carolina, and 
} are of Upper Triassic age, con- 
temporaneous with the far-famed 
z Connecticut valley beds. The 

Fic. 171.—Primitive mammal, Droma- dentition is more like that of the 
therium sylvestre, Trias, North Carolina. cynodont reptiles than of the 
Twice natural size. (After Osborn, from : 

Schuchert’s Historical Geology.) later Mesozoic mammals and the 

principal evidence of their mam- 
malian affinity lies in the simple jaw, which consists of but a single 
bone (Fig. 171). 

In the order Triconodonta, the teeth are more perfectly formed, 
but the molars are characterized by having but three cusps ar- 
ranged in a single longitudinal row; of these the middle cusp is 
usually dominant, the others being much smaller. At times, how- 
ever, the latter may equal the median cusp in height. Certain 


‘ 
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characters of jaw and tooth succession have caused the inclusion 
of this order with the marsupials (Fig. 172). 


Triconodonts first appear in the Lower Jurassic (Stonesfield slate) of 
England, in the genus Amphilestes. Triconodon itself comes from the 


Fic. 172.—Triconodont mammal, Triconodon ferox, Comanchian, 
Wyoming. Three times natural size. (After Marsh.) 


Upper Jurassic of England, while a related, possibly equivalent genus 
comes from the Comanchian of Como Bluff, Wyoming, which is the upper 
limit of their range. 


The AlJlotheria or Multituberculata are among the oldest of mam- 
‘mals, for their characteristic molar teeth are found in Upper Triassic 
rocks of Germany and they range into basal Eocene time. Geo- 
graphically they-are very wide-spread, 
as they have been reported from 
Europe and Africa and from North and 
South America. Little is known of the 
skeleton, but jaws and teeth are more 
or less abundant and at least one skull Ca 
(Fig. 173) has been found. They had Pichunl 3h Multituberculate 
a single pair of rodent-like incisors mammal (allothere), Ptilodus gra- 
above and below, while the molars #5, Paleocene (Ft. Union), Wyo- 
2 6 F ming. About natural size. (After 
bore two or three longitudinal rows Of ‘Gidley, from Scott.) 
tubercles, hence the name Multituber- 
culata; the premolars were either like the molars except for a 
greater simplicity, or were compressed, sharp-edged, cutting teeth. 


The most notable forms are Tvitylodon, a large type from the Karroo 
beds (Lower Jurassic) of South Africa; Microlestes of the Lower Trias of 
Europe; Plagiaulax from the Comanchian of Europe and North America; 
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Ptilodus (Fig. 173) and Polymastodon from the basal Eocene of North 
America, the former being also Upper Cretaceous. The Allotheria have 
also been included under the Marsupialia, but there is not the least like- 
lihood, according to Scott, that any existing mammals were derived from 
them. 


In the next order, the Pantotheria (Trituberculata), the dentition, 
while simpler, suggests that of the insectivores to such an extent 
that they have been considered by good authority as the actual 


Fic. 174.—Trituberculate mammal, Diplocynodon victor, Coman- 
chian, Wyoming. a, canine tooth; 6, condyle; c, coronoid; d, angle. 
Twice natural size. (After Marsh.) See also Plate XVI. 


forerunners of that group. The molars are three-cusped, but in- 
stead of being arranged in lineal series, as in the triconodonts, the 
cusps are in the form of a triangle or trigon, the principal cusp 
being on the inner side of the teeth in the lower jaw and on the outer 
side in the upper jaw. In habits the trituberculates were probably 
insectivorous and they have been classed with the placental mam- 
mals as primitive Insectivora. Their time range is from Lower 
Jurassic to the close of the Mesozoic, and although they then be- 
came extinct as an order they may still survive in their descendants 
—possibly the true insectivores among other orders. (See Fig. 174, 
also Pl. XVI.) 


Amphitherium, one of the oldest genera, is from the Lower Jurassic 
(Stonesfield slate) of England, Amblotherium is from the English Purbeck 
(Upper Jurassic), while the more familiar American forms are Dryolestes 
and Diplocynodon from the Comanchian of Como, Wyoming, and Di- 
delphodon, Cimolestes, and others from the Upper Cretaceous Lance 
formation of the same state. 


Check on Mesozoic Mammalian Life.—Perhaps the most re- 
markable thing about the Mesozoic mammals is their apparent 


Pirate XVI.—Tooth of a carnivorous 
dinosaur, Allosaurus?, and the entire 
jaw of a contemporary mammal, Diplo- 
cynodon, found in association in the 
same quarry. Comanchian of Como 
Bluff, Wyoming. Both two-thirds nat- 
ural size. (Specimens in the Yale Uni- 
versity Museum.) 
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stagnation or conservatism as regards evolution, for we find so little 
recorded change, compared with that of the reptiles during their 
iong-drawn-out career, that we look instinctively for some inhibit- 
ing cause. After the establishment of the mammals in late Triassic 
time, there are no great geologic or climatic changes of a revolu- 
tionary character to quicken their evolution until the close of the 
Cretacecus and, while reptilian dynasties wax and wane, the trend 
of their evolution seems pretty well established after the early 
Jurassic, the remarkable types which appear later being largely 
the florescence which characterizes racial old age. But with the 
close of the Age of Reptiles came a most momentous change in 
mammalian evolution, when the sluggish stream of their existence 
was quickened into life and their remarkable radiation began. This 
may have been due in part to the expansion of the upland flora 
which, as Matthew believes, was either restricted in its development 
or of a sort not suitable to mammalian dietary during the Meso- 
zoic. But it seems reasonable to suppose that the inhibition of 
mammalian evolution was due not so much to lack of a suitable 
physical and floral environment as to an overwhelming check 
against which these small creatures could not contend. 

There is in the Yale Museum a remarkable series of mammal 
jaws and teeth from what is known as “Quarry 9” at Como Bluff, 
Wyoming, which lies in strata of Comanchian age. Associated 
with them, among other reptilian remains, was a single tooth of a 
carnivorous dinosaur, perhaps Allosaurus, a tooth keen-pointed 
and terrible, like a curved dagger with serrated margins, and many, 
many times the bulk, not only of the teeth but of the entire 
jaws of the associated “‘higher’”’ forms. This tooth, suspended like 
the sword of Damocles (Pl. XVI) over the head of these actually 
associated mammals, brings before the mind’s eye broad vistas of 
low-lying, well-watered woodland with ever alert furry forms taking 
such refuge as the trees or shrubbery or occasional hiding holes 
could offer, in the midst of stalking terrors such as the world never 
saw before nor since. That the mammals managed to maintain 
themselves is not surprising, for there is a teeming horde of small 
mammalian folk in the tiger-haunted jungles of India to-day; and 
that they did not dispute with the dinosaurs the realms of greater 
opportunity is but a logical assumption. 

The Release.—If our premise be true, the great Tertiary expan- 
sion of mammals therefore is only in part the direct outcome of 
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changing geologic conditions, the primal incentive being the re- 
moval of the check. For, as Osborn says: “There is little doubt that 
the extinction of the large terrestrial and aquatic reptiles, which sur- 
vived to the very close of the Cretaceous, prepared the way for the 
evolution of the mammals. Nature began afresh with the small, un- 
specialized members of the warm-blooded quadrupedal class to 
slowly build up out of the mammal stock the great animals which 
were again to dominate land and sea. One of the most dramatic mo- 
ments in the life history of the world is the extinction of the reptilian 
dynasties, which occurred with apparent suddenness at the close of © 
the Cretaceous, the very last chapter in the ‘Age of Reptiles”... 
We have no conception as to what world-wide cause occurred, 
whether there was a sudden or a gradual change of conditions at 
the close of the Cretaceous; we can only observe that the world- 
wide effect was the same: the giant reptiles both of land and sea 
disappeared. Reptiles are so sensitive to temperature that it is 
natural to attribute this extinction to a general lowering of tempera- 
ture, or refrigeration, but the flora shows no evidence of this either 
in Europe or America; nor is there evidence of any great geographic 
cataclysm on the surface of the earth, for the plant life transition 
from one age to the other in the Rocky Mountain region is alto- 
gether gradual and gentle.” 


The Archaic Mammals 


This is the name given to the creatures which, in early Ter- 
tiary time, supplanted the great reptiles in their vacated habitats. 
They constitute the first mammalian adaptive radiation, but one 
of short duration, for they were soon to be displaced in their turn 
by creatures of a higher sort, the so-called modernized mammals. 
For a while these archaic types served very well, and doubtless 
had it not been for a competition which they could not meet, they 
might have survived for a longer period; but there was written over 
against them the memorable indictment—“Thou art weighed 
in the balances and found wanting.” 

Defects.—There are two prime essentials to every creature’s 
adaptation to its environment—it must have safety and food. 
Hence two principal structures are of paramount importance: 
locomotor organs, that it may flee from its enemy or overtake its 
prey, and efficient teeth that it may utilize such food as is avail- 
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able. In other words, the two organs whose contact with the 
environment is most intimate are the feet and teeth, and these are 
seen to suffer the most profound changes with the passage of time 
and the consequent changing of the environment. Not only must 
these organs be adapted to immediate need, but adaptable to the 
inevitable changes of conditions which time will bring. Thus it is 
that by a study of feet and teeth so much of an animal’s life con- 
ditions and consequent habits can be deduced. Add to this a 
structure of which the dinosaurs made but little, but which in 
mammalian evolution became increasingly important—the brain— 
and the tale of the requisites for future evolutionary success is 
complete. 

It was specifically in these three things that the archaic mam- 
mals were deficient, for while size, strength, physical prowess, arms 
and armament were theirs in full measure, their feet and grinding 
teeth were conservative, inelastic, and incapable of meeting new 
conditions as they arose. Their brain too was singularly old- 
fashioned, generally small, but always relatively undeveloped in 
comparison with that of modernized mammals of equivalent bulk, 
especially in the part wherein the intelligence lay (Fig. 175). 
Hence it is not surprising that the career of these forms was brief 
and that with rare exceptions they have suffered racial death and 
vanished as utterly as did the dinosaurs before them. 

Classification.—‘ Nature,” as Osborn says, “deals in transi- 
tions rather than in sharp lines. We can not circumscribe the 
archaic mammals sharply, nor be sure as yet that some of them 
did not give direct descent to certain of the modernized mammals. 
Yet the mammals of the basal Eocene of both Europe and North 
America are altogether of very ancient type; they exhibit many 
primitive characters, such as extremely small brains, simple, tri- 
angular teeth, five digits on the hands and feet, prevailing planti- 
gradism. They are to be collectively regarded as the first grand 
attempts of nature to establish insectivorous, carnivorous, and 
herbivorous groups, or unguiculates [clawed forms] and ungulates 
[hoofed forms]. The ancestors or centers of these adaptive radia- 
tions date far back in the Age of Reptiles. At the beginning of the 
Eocene we find the lines all separated from each other but not as 
yet very highly specialized. The specialization and divergence 
of these archaic mammals continue through the Eocene period 
and reach a climax near the top, although many branches of this . 
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archaic stock become extinct in the Lower Eocene. The orders 
which may be provisionally placed in this archaic group are the 
following: 

“ Marsupialia 

Multituberculata, Plagiaulacide 

Placentalia 

Insectivora. Insectivores not as yet positively 
identified in the basal Eocene 

Tzniodonta. Edentates with enamel teeth 

Creodonta. Archaic families of carnivores 

Condylarthra. Primitive light-limbed cursorial ungulates 

Amblypoda. Archaic, typically heavy-limbed, slow-moving 
ungulates. 

“This group is full of analogies, but is without ancestral affini- 
ties to the higher placentals and marsupials. There are forms 
imitating in one or more features the modern Tasmanian ‘wolf’ 
(Thylacynus), the bears, cats, hyzenas, civets, and rodents of to-day, 
but no true members of the orders Primates, Rodentia, Carnivora, 
Perissodactyla, Artiodactyla have been discovered.” 

Of the archaic mammals the Multituberculata have already 
been sufficiently described, the Insectivora are unknown, and the 
Teniodonta unnecessary for our purpose; we will therefore turn 
our attention to the three remaining groups, of which the first is 
the Creodonta (Gr. xpéas, flesh, and ddovs, tooth). These forms 
resemble in many details the hoofed Condylarthra next to be 
described, but differ from them chiefly in the skull and teeth, in 
that they have more the aspect of a true carnivore than the condy- 
larths which were of vegetarian diet. The terminal phalanges 
(unguals) are also more claw-like, although there are exceptions 
to this rule, notably in the dog-like Dromocyon (Fig. 176, C; Pl. 
XVII). The skull of a creodont differs from that of a true car- 
nivore, for while it is always large for the size of the animal, there 
is a much smaller brain-case, thus necessitating a high crest of 
bone along the mid-line of the cranium (sagittal crest) to obtain 
sufficient surface for muscular attachment. There are widely 
expanded temporal or zygomatic arches for the same purpose. 
The teeth also differ in not being so perfectly adapted for a flesh 
diet as in the true carnivores. In the latter (see Fig. 50), certain 
cheek teeth are almost always enlarged and modified to form a 
wonderful shearing device, and these so-called carnassial teeth 
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(Lat. caro, flesh) are, when present, invariably the fourth upper 
premolar and first lower molar, expressed thus: =. With the cre- 
odonts the carnassials may not be developed at all, and if they are, 
are variable and not necessarily, indeed rarely = and in addition 


they are rarely confined to a single pair of teeth but are two or 
more in number. 

The creodonts have been divided into at least six distinct fami- 
lies, of which but one probably gave rise to true carnivores, the 
rest dying out one after another until by Upper Oligocene time 
none were in existence. The creodonts foreshadow the true carni- 
vores in a number of ways, in that certain of them were bear-like 
(Arctocyon), others dog-like (Dromocyon) or otter-like (Oxyena, 
Patriofelis), some like the minks (Sinopa), others cat-like (Dis- 
sacus) or resembling hyenas (Hyenodon). The last genus is of 
especial interest because together with its Old World ally Pterodon 
it is the last creodont survivor, existing until the Middle Oligocene. 
Wortman saw in Patriofelis a form which might have given rise 
to the modern sea-lions (Otariid), but of this there is some doubt. 
(See Fig. 176.) 

The Condylarthra (Gr. xévdvros, knuckle, and apOpov, joint) 
were a group of very primitive ungulates which, aside from the 
implied differences in diet, paralleled the Creodonta closely, for 
in both groups there was the same generalized type of body with 
a long heavy tail and rather stocky, more or less cursorial limbs. 
There were, however, relatively few of the condylarths, but two 
families being recognized as against six for the creodonts. They 
range in time from basal and Lower Eocene, but very little is 
known as yet of their geographical extent. They are not supposed 
to have given rise to any higher groups of ungulates, but to repre- 
sent an abortive attempt on the part of nature to produce cursorial 
hoofed forms. One of them, however, Phenacodus (Figs. 177, 178, 
Pl. XVIII), was hailed by its discoverer, Professor Cope, as the 
five-toed ancestor of the horse, but this is now known to be 
impossible as it is too large and too highly specialized in certain 
directions, although very primitive in others, and also too late in 
time to be the founder of the great equine lineage. This genus, 
from the Wasatch beds, ranged in size from a fox to a small sheep. 
While the canines were tusk-like, they were not large, and the 
grinding teeth were low-crowned and of simple pattern, suited 


(‘u10qsO JOssajo1g Jo AsaqInoD *AIOISIFZ [eINIL NY 
94} WOIT) ‘“OOIXePT MAN pue ZSurwi0d “(qozeseM) dUII0q IBMO'T 


JO Wnesn JY URTIOWY 9Y} Ul UOJaTa¥s payUNnoUT 
‘SNHADSOL SNPOIDUAYT “YAIe[APUOd ayy JO 40}9]9YS—TIIAX aLvVIg 


ORIGIN OF MAMMALS AND ARCHAIC MAMMALS 553 


Fic. 176.—Creodonts. A, Tritemnodon, a primitive hy- 
znodont, Middle Eocene, North America. (After Scott.) B, 
Hyenodon, the last survivor of the archaic carnivores, Lower 
Oligocene, North America and the Old World. (After Os- 
born.) C, the dog-like Dromocyon, Middle Eocene, North 
America. (After Osborn.) D, Patriofelis, Middle Eocene, 
North America. (After Osborn.) 
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Fic. 177.—Fore (A) and hind (B) feet of Phenacodus primevus. (After Lull.) 


undoubtedly to a rather succulent herbage. The skull was long 
and low, with a well developed sagittal crest and, while that por- 
tion of the cranium behind the orbits was relatively long as with 
most primitive skulls, the brain-case was of very small capacity. 
The feet are five-toed, semi-plantigrade, and built on a very primi- 
tive plan, in that the wrist and ankle bones are serial, that is, 
placed one above another (see page 580) rather than alternating 
as in all feet subject to splitting strains. Phenacodus and the ear- 
lier Euprotogonia represent the family Phenacodontide, while the 
other family, Meniscotheriide, embraces but a single known genus, 
Meniscotherium. These forms, while contemporaneous with the 
phenacodonts, were more advanced in tooth structure, for the cusps 
of the grinders have begun to assume a crescent shape such as one 
often finds in the higher odd- and even-toed ungulates. The body 
and tail were long and the limbs, while long, resemble so much 
those of the Hyracoidea of Africa (see page 579) as to cause the 
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inclusion of Meniscotherium in that group by certain authorities. 
Others have considered the Hyracoidea to be surviving condylarths. 
There are, however, no very good grounds for such an assumption. 
The Condylarthra are 
of interest in this way 
—that they represent ‘ 
or were very similar to 
what was probably a 
very widespread group 
of primitive ungulates 
out of which, possibly, 


all of the other orders 
of ungulates arose. Fic. 178.—Cursorial archaic mammal, condylarth, 


Th ich Phenacodus primevus, Lower Eocene, North America. 
€ genera which we (After Osborn.) 


know could not have 
been the direct ancestors, but they show us the nature of the un- 
gulate ancestry. 

The Amblypoda (Gr. auPdwvs, blunt, and 7rovs, foot), or short- 
footed ungulates, are another group of hoofed forms, among which 
were some that attained a huge, almost elephantine size and in 
spite of a basic primitiveness developed a superficial specialization 
of a very remarkable sort. Their geologic range is from the basal 
Eocene throughout the Eocene period, when they in their turn 
suffered extinction. Four families are recognized, of which the 
two most primitive are the Periptychide and the Pantolambdide, 
both basal Eocene in distribution. Pantolambda, the type of the 
second family, while undoubtedly an ungulate, shows many points 
of similarity with the creodonts. It is described as having a head 
and body somewhat smaller than those of a sheep and much shorter 
legs. The body and tail had somewhat the proportions of the 
larger cats, and the skull, as with the condylarths, was long and 
low, with small brain capacity and prominent sagittal crest. The 
limbs were very short and relatively heavy, with five spreading toes 
on each foot. e 

Coryphodon (Fig. 179) represents the third family and is in many 
ways a remarkable beast. The different species vary in size from 
a tapir to an ox, and thus are the largest forms we have so far con- 
sidered. They were heavy, unwieldy animals whose short powerful 
limbs and spreading feet point to swamp-dwelling if not aquatic 
habits. The skull was large and flattened in such a way that no 
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median crest is visible, nor are there any indications of horns such 
as the next genus possessed. The canine teeth were developed 
into huge flaring tusks suggesting those of the swine. Altogether 
it was a heavy sluggish 
brute whose very small 
brain gives evidence of 
great stupidity. 


Ue dis 

pe Ay ae 
Sy |!’ Dinoceras (Uintather- 
ey. ium) (Fig. 180) repre- 


nA 4 sents the last family of 
amblypods and in many 
ways—size, up to 7 feet 
in height, dentition, and 
Fic. 179.—Coryphodon, a swamp-dwelling am- horns—was by far the 
blypod, Lower Eocene, North America. (After most specialized, in fact 
Osborn.) 2 . 
grotesquely so. Its limbs 
were pillar-like, quite like those of the Proboscidea (see Chapter 
XXXIV) and like them an adaptation to carry the creature’s great 
weight. The elephant-like characteristics extended also to the 


body, but there the resemblance ceased, for the skull was totally 


Fic. 180.—Four-horned amblypod, Dinoceras, the culmination of its race, 
Upper Eocene, Wyoming. (After Osborn.) 


dissimilar in that it was extended upward into a series of horn- 
like prominences.. These consisted of a pair upon the nose, which 
from their appearance may have borne dermal horns like those of 
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Fic. 181.—Skulls of Dinocerata, to illustrate conservative character of denti- 
tion. Solid line, Dinoceras mirabile; broken line, Tinoceras ingens. (Adapted 
from Marsh.) 


rhinoceroses. The second pair were higher, with bluntly rounded 
ends, and were probably not sheathed with horn but covered 
with skin as in the giraffe. There was also a third pair, 
massive structures, 8 to 1o inches high, which again could not 
have borne horny sheaths. There was a high transverse occipital 
crest at the hinder end of the skull connecting the posterior pair of 
horns and giving, together with the prominences, a unique basin- 
shaped character to the top of the skull. Another remarkable 
feature lay in the greatly developed canine teeth, which were 
curved sabers in some genera and spear-shaped in others, and were 
doubtless important weapons. Both the tusks and horn promi- 
nences were apparently better developed in the male than in the 
female, for their variation constitutes about the only difference 
seen in certain skulls. ‘There is no indication of a proboscis, as the 
nasal bones, which are long and prominent in Dinoceras, are in- 
variably shortened whenever that useful organ develops. The 
molar teeth of Dinoceras were very conservative, for while one may 
trace a very marked evolution in the skull and tusks, these impor- 
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tant organs hardly change at all (see Fig. 181). The brain also was 
absurdly small for so large a creature. The armament of Dinoceras 
may have served a useful purpose but one is constrained to believe 
that, together with the relatively great size, it indicates racial 
senility—the extreme of over-specialization attained by a primitive 
stock. 

Fate of the Archaic Mammals.—The archaic mammals as such 
have long since vanished from the earth, and were it not for their 
remains entombed in the Eocene rocks we would be unaware that 
they ever existed. Theirs was a brief span compared with that of 
the reptilian hordes and also with that of their mammalian suc- 
cessors; but for a while they throve mightily until competition with 
creatures of a better sort became too great for them to bear. That 
they strove to meet this competition is evident, for certain of the 
later creodonts, notably Patriofelis and the powerful Harpago- 
lestes, increased materially in bodily size, while the hyznodonts 
actually increased the bulk of the brain and as a consequence were 
the sole survivors of the group after the close of the Eocene, for as 
long ago as 1874 Professor Marsh pointed out that the brains of 
surviving races are upon the average larger than those of declining 
races. Competition was doubtless, therefore, a prime cause which 
led to the extinction of these forms. We have argued racial old age 
in Dinoceras, but if that be deemed insufficient in itself, we have 
the noteworthy fact that where evolution of an animal runs to the 
development of tusks and horns, probably favored by sexual se- 
lection, the grinding teeth are apparently neglected and are apt to 
show arrested development. And bulk is fatal where correlated 
with inadequate feeding mechanism, and with brain power not 
adequate to enable the females to defend and care for the young 
as well as to meet new conditions of life (Osborn). 

Thus the fate of the archaic mammals was, first, extinction, and, 
secondly, transmutation of a few—a very few—into higher types. 
There remains yet a third possibility, and that is emigration, not 
of the later but of the earlier sorts, across the southern land-bridge 
into South America, where together with a certain admixture of 
other stock—possibly African—they may have given origin to the 
remarkable South American fauna which rose and flourished during 
the long period of Neogzean isolation. Others, passing beyond the 
limits of South America, may have crossed the Antarctic land- 
bridge into Australia, where as marsupials they still persist. But 
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this can not be true if we adhere to our premise (page 546) that the 
multituberculates only of the marsupials are to be included among 
the archaic mammals, and further, that they died in basal Eocene 
time without issue. If, on the contrary, the entire marsupial order 
is to be considered archaic, the conclusion that they may still be 
surviving in these remote forms and in the American opossums is 
tenable. There is a further possibility that the American Edentata, 
sloths, armadillos, and their allies, may have been derived from the 
teeniodonts; if so, the latter also have in a sense survived, although 
in a much altered state, and only because they likewise found asy- 
lum in isolated South America. 
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CHAPTER XXXIII 


INCURSION OF MODERNIZED MAMMALS AND EVOLUTION OF 
CARNIVORES 


We have spoken of the modernized mammals in contradistinction 
to the archaic forms. It is necessary now to define the former 
more precisely. They include practically all existing mammals and 
some which have become extinct together with their forebears, 
such as: 

Carnivora Vera, true or fissiped carnivores. 

Rodentia, gnawing animals. 

Perissodactyla, odd-toed ungulates. 

Artiodactyla, even-toed ungulates. 

Proboscidea, elephants and mastodons. 

Primates, lemuroids and monkeys. 

Insectivora, insectivores, included by some authorities among 
the archaic mammals. 

Cetacea and Sirenia, whales and sea-cows. 

In contrast with the archaic forms, the modernized types are all 
creatures of high potentiality, and, where they became extinct, 
were rather the victims of circumstance than creatures which died 
because of lack of adaptability, although certain groups seem to 
havé run a natural course and their extinction was heralded by 
evidences of racial senility. 

As the archaic forms were characterized by lack of progressive 
brain and feet and teeth, so the modernized races were distinguished 
by the possession sometimes of one (primates), sometimes of two 
(elephants), again by all three (horses) of these destiny-controlling 
organs, but in general the modernized animals were progressive, 
highly adaptable forms. 

Place of Origin of the Modernized Mammals.—The simulta- 
neous appearance of the earliest of the modernized mammals in Eu- 
rope (lat. 50° N.) and North America (lat. 40° N.) points to some 
contiguous land-mass as the original home of these creatures. Hence 
in 1903 Wortman, as a result of his studies of the Eocene Mam- 
malia in the Yale collection, assumed the existence of a grand 
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northern common center of evolution and dispersal, both for plants 
and animals. A glance at the map, Fig. 9, drawn on the north 
polar projection, will show how logical such an assumption is, and, 
with the evidence very clearly before us of the repeated recurrence 
of a land-bridge across what is now Bering Strait, how readily 
migrants from a circumpolar land could follow the three great 
continental radii to the south, arriving synchronously in widely 
separated lands. Of course the theory of circumpolar origin of 
these mammals assumes a climate far different from that which 
now characterizes this region; but that it was formerly warm and 
equable is abundantly proved by the finding on the coast of Green- 
land of the remains of a sub-tropical flora. Thus Heer describes 
cycads and associated species of plants in the lower Cretaceous 
(Comanchian) as indicating a mean temperature of 70° to 72° F.— 
a temperature equal to that of Cuba—and the same flora existing 
in Spitzbergen and in Alaska proves that this temperature was 
widely distributed. 

Deployment.—There is always a tendency on the part of every 
group of animals, as their numbers increase, to spread from their 
ancient home along lines of least resistance, provided no climatic 
or other insuperable barriers are to be overcome, and that may 
well have been one very potent cause for the southward migration 
of the modernized hordes. But there was an additional incentive, 
for throughout the early Tertiary there is evidence of climatic 
variation and of a very gradual cooling of the northern climate and 
a consequent southward retreat of the higher plants and mam- 
mals which occurred as a succession of migratory waves. In this 
way there came, first, the least hardy like the insectivores and 
primates, the latter especially depending so largely upon the tropical 
forests for their sustenance that any change either in extent or char- 
acter of their habitat would be reflected in their distribution at 
once. Perissodactyls—horse and tapir-like forms—also came speed- 
ily, and the true carnivores—primitive dog-like forms—likewise 
soon appeared. There xs reason to believe, however, that through- 
out the whole pre-Pleistocene Cenozoic period the northerly region 
(Holarctica) was highly favorable to the evolution and migration 
of the higher forms of the Mammalia. It must be remembered, 
however, that the actual center from which these animals suddenly 
spread into Europe and North America is still hypothetical and 
will not be determined until the basal Eocene fossil mammal beds 
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in the unknown portions of America and Asia shall have been dis- 
covered. 

Whatever the exact place of origin, the result of the incursion of 
the progressive forms was their speedy usurpation of the habitat 
of the unprogressives and, as we have seen, the gradual elimination 
of the latter, largely through an unbearable competition. It is of 
these modernized mammals that we shall now speak, turning our 
attention to the following well known and highly interesting groups, 
some of which, notably the horses, played no little part in the world- 
wide acceptance of the evolutionary hypothesis. These groups are: 

1. Carnivora, especially the felines. 

2. Proboscidea, mastodons and elephants. 

3. Horses. 

4. Camels. 

5. Primates, with especial reference to mankind. 


CARNIVORA 


_ The division of the flesh-eating mammals into creodonts and true 
carnivores has been discussed and the main distinctions emphasized 
(page 551). The modernized forms are also divisible into two 
groups, the Fissipedia (Lat. fissws, cloven, and pes, foot) or land 
carnivores, and the Pinnipedia (Lat. pinna, feather, fin) or seals 
and sea-lions. The latter do not possess the carnassial tooth 
(see page 551) and their derivation from any known fissiped stock 
is doubtful. They may well represent an independent line 
of descent from the creodonts. It will be remembered that 
Wortman thought he saw in Patriofelis the ancestor of the sea-lions 
(page 552). 

The fissiped carnivores or Carnassidentia, to use an alternative 
term, show the following diagnostic characters: 

1. Good brain, moderately large and well convoluted. 

2. Carnassial tooth = z, premolars in front more or less sharp- 


pointed and compressed; molars behind tuberculated for crushing. 
3. Clavicle (collar-bone) vestigial or absent. 
4. Limbs mobile, with the radius and ulna of the fore arm and 
the tibia and fibula of the lower leg complete and separate. 
5. Digits clawed, never fewer than four. 
The principal families are: 
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Fic. 182.—Various carnivora. A, hyena, Hyena striata; B, bear, Ursus arctos; 
C, dog, Canis familiaris; D, marten, Mustela martes; E, cat, Felis domestica; 
F, genet, Genetta tigrina. (After Haacke.) 


Canidz.—These embrace the foxes, dogs and wolves, the most prim- 
itive of existing carnivores, cosmopolitan in their distribution, even 
- having attained Australia, though doubtless by the agency of man. 
They appear first in the Upper Eocene of Europe, are abundant in the 
Miocene fauna of Europe and North America, and reach India and 
South America by early Pliocene time. At present at least ro4 species of 
canids are extant and more than 160 fossil species have been described. 

Ursida.—The bears are omnivorous rather than strictly carnivorous 
and lack the carnassial teeth. Their feet also are plantigrade compared 
with the digitigrade character of those of most of the order. Bears are 
widespread to-day, principally in the northern portions of both hem- 
ispheres. In the Old World they extend southward to the Atlas Moun- 
tains in northern Africa and to southern India, Borneo, Sumatra and 
Ceylon. They are also found in the Andean highlands as far south as 
Bolivia and Chile. _ They are, however, entirely absent from the 
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Ethiopian and Australian realms. The origin and evolutionary history 
of the bears is undiscovered, as the earliest recorded fossils are in the 
Miocene of the Old World; by Upper Pliocene they had reached eastern 
Europe but up to 1916 they were unknown in the New World in rocks 
older than the Pleistocene. A Pliocene bear, however, has recently 
been reported from Oregon (Merriam). 

Procyonidz.—The procyonids, the raccoons and their kin, with one 
Asiatic exception are entirely confined to the New World, especially 
tropical America. Geologically they range upward from the primitive 
Miocene genus Phlaocyon, which is the annectant form between this 
family and the Canide, although the grinding teeth and plantigrade 
feet of the raccoon have caused its inclusion by certain authorities with 
the bears. 

Mustellide.—This family, which contains the weasels, polecats, 
badgers, and others, while especially abundant in North America is 
found the world over, except Australia. Its members are, however, rare 
in Africa and South America. .They are known from the Upper Eocene 
in Europe and from the Oligocene of North America, and one Miocene 
form, Megalictis, was gigantic, the skull alone equalling that of a black 
bear. 

These four families are known collectively as Arctoidea or bear-like 
forms, while the three remaining ones, Viverride, Hyzenide, and Felide, 
are called Aluroidea (cat-like). With the exception of the cats this latter 
group is entirely confined to the eastern hemisphere, which was probably 
also their original home. 

Viverridz.—These are the civets, genets, and mongooses, and are 
fimited largely to the Ethiopian and Oriental realms, only a half dozen 
species being found outside of these areas. The curious Madagascar 
genus Cryptoprocta, the fossa, forms a connecting link between this family 
and the cats. About thirty species are known fossil, chiefly from the 
European Tertiary, the genus Vzverra itself having persisted since latter 
Eocene time. 

Hyznidz.—The hyenas are loathsome creatures of very dubious 
repute, as they are largely eaters of carrion. In spite of a rather dog-like 
appearance, their affinities lie with the Viverride, from which they lately 
arose. They are confined to-day to tropical Asia and Africa, but formerly 
had a much wider range. 


Felide 


The cats are in many ways the most highly specialized of carni- 
vores, chiefly in their dentition, for the carnassial here reaches the 
height of perfection as a shearing tooth; the molars, on the con- 
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trary, are almost entirely lacking. Another specialization lies in the 
retractile claws, characteristic of all Felide except the cursorial 
hunting leopard or cheeta (Cynelurus), which, as its name (dog- 
cat) implies, shows a number of dog-like convergences in limbs and 
feet. The working of the retractile claws is as follows. The ungual 
or claw-bearing phalanx is capable of a wide vertical range of move- 
ment and has attached to its upper side an elastic ligament which 
would keep the claw permanently raised were it not for an antag- 
onistic muscle and tendon attached to the lower side. The con- 
traction of this muscle pulls the ungual downward, thus protruding 
the claw and at the same time stretching the elastic ligament. 
Relax the muscle and the elasticity of the ligament again withdraws 
the claw. This permits the cat to move silently in stalking its 
prey and at the same time provides prehensile organs of high per- 
fection for securing it. 

Distribution.—Cats are to-day worldwide in their distribution 
with the exception of Madagascar and Australia, the Old World 
producing the most notable living species, such as the lion (Felis 
leo), the tiger (F. tigris), the leopard (Ff. pardus), the ounce or snow 
leopard (Ff. uncia), and others including the supposed ancestor of 
our domestic cat, the caffre or Egyptian cat (Ff. caffra). In the 
New World the most noteworthy are the puma (F. concolor), the 
jaguar (F’. onca), and the lynxes and caracals. 

Fossil Cats.—But it is the fossil felines which are in many ways 
of the greatest interest, for they include not only the ancestors of the 
modern forms, but the now extinct saber-tooths—creatures whose 
endowment of effective weapons put them in the very fore-front of 
the carnivorous hordes as efficient beasts of prey. Thus the Felidze 
are divisible into two phyla or subfamilies, the Felinz or biting cats, 
the race to which all existing felines belong, and the Macherodon- 
tine or saber-tooths, the stabbing cats whose line has ceased to 
exist. They show many points of contrast in body, limbs, and tail, 
but especially in skull, jaws, and dentition, and, as we shall see, 
these distinctions arose in the course of evolution from a single, as 
yet unknown stem through adaptation to contrasting types of prey, 
for the saber-tooths were relatively slow of foot, and their rise, cul- 
mination, and decline is so intimately associated with that of the 
slow-moving, thick-skinned ungulates, elephants, rhinos, swine, 
the so-called pachyderms of Cuvier, that the conclusion that we 
have here the proper association of predatory animals and their 


566 


ORGANIC EVOLUTION 


Fic. 183.—Skulls of (A) saber-tooth, Smilodon, and (B) biting 
cat, Felis, showing contrast of skull form and leverage and muscular 
development. c, occipital condyle; cl.m, cleidomastoid; dig, digastric; 
m, mastoid process; mas, masseter; s¢. m, sterno-mastoid; fem, tem- 
poralis. (After Matthew.) 
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usual victims is irresistible. On the other hand, the swift-footed 
biting cats are in like manner associated with the thin-skinned 
cursorial ungulates—as they are to-day—and the inference is that 
they in their turn were adapted to such a source of food. 

The contrasting anatomical features are: Felines—Limbs less 
robust, more cursorial, toes tending to reduce; Macherodonts— 
Limbs shortening, more robust, digits never fewer than five. In 
the Feline the tail was long, in the saber-tooths it became progres- 
sively shortened, especially in the final form, Smilodon. 

Dentition.—In the felines or biting cats the carnassial is rela- 
tively smaller and the premolars in front of it are less reduced 
than in the saber-tooths. But it is in the development of the canine 
that the most marked distinction is seen, for while in the Feline 
the upper and lower tusks are more nearly equivalent in size and 
power, in the machzerodonts the lower ones are reduced to a size 
not much greater than that of the incisors. The upper canines, on 
the contrary, have become thin curved daggers of relatively enor- 
mous length, showing the same fine serrations on their cutting edges 
that we saw in the teeth of the carnivorous dinosaurs! It is these 
great saber-like tusks which give the popular name to the group. 

Skull.—There is a marked difference in the form of the skull 
in the two phyla, especially when seen in profile, and the principal 
purpose of this modification in the saber-tooths is to obtain greater 
leverage and so render more effective the downward stabbing stroke 
of the tusks. A glance at the diagram of the skulls of Felis tigris 
and Smilodon, drawn to the same scale (Fig. 183), will render this 
clear. The principal distinction lies in the rear of the skull or occi- 
put and in the arch of the face. In Felis the cranial arch is highest 
just behind the orbits and diminishes both toward the front and 
toward the rear, so that the occiput is comparatively low. In 
Smilodon, on the other hand, the rear of the skull is highest and the 
face slopes downward and forward, the sabers continuing the line 
of the curve. The condyle for the articulation with the neck is 
on a level with the tooth line in Felis and the mastoid processes 
behind the ear openings are inconspicuous; in Smilodon, on the 
other hand, the condyles are high and the mastoid processes extend 
far below them. These processes are for the insertion of the sterno- 
mastoid and cleidomastoid muscles (see Fig. 183) whose combined 
function it is to depress the skull. Their value in the saber-tooth 
is at once apparent, as they are the muscles which produce the 
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Fic. 184.—Skulls of felines (biting cats, A, C, E) and macherodonts 
(saber-tooths, B, D, F). A, Dinictis, and B, Hoplophoneus, Oligocene; C, 
Nimravus, and D, Macherodus, Miocene; E, Felis, and F, Smilodon, 
Pleistocene. (After Matthew.) 
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downward stroke of the head by which, with terrible efficiency, 
the tusks are driven into the victim. A well rounded condyle in 
Smilodon points to great freedom of movement in the vertical plane. 
The muscles of the dorsal side of the neck, which raise the head, 
were alike powerful in both forms. 

Jaw.—There is a marked distinction in the lower jaws of the 
saber-tooths as compared with the biting cats, more marked in 
some respects in the earlier types such as Hoplophoneus than in 
Smilodon. For here the jaw is lighter and has less powerful muscles, 
as the diminished coronoid process and other muscle-insertions 
show. The jaw was capable of being opened more widely in the 
saber-tooth, although the yawn of a modern tiger is a memorable 
sight. In the earlier saber-tooths the front portion of the lower 
jaw is continued downward into a distinct flange for the protection 
of the tusk, a feature which the totally unrelated amblypod Dino- 
ceras (see Fig. 180) also shows. In later forms, with the enor- 
mous extent of the tusks such a protection becomes impracti- 
cable and the flange almost entirely disappears. The chin of the 
saber-tooths, however, never shows the rounded character of that 
of the biting cats. 


Phyletic Table of Felide (modified from Matthew) 


Feline, biting cats Macherodontine, saber-tooths 
Recent Felis (Lat. cat) Extinct 
Pleistocene Felis : Smilodon (carving knife tooth) 
Pliocene Felis Macherodus (dagger tooth) 
Miocene | Ketan le xt)" | atacharods 
Upper Nimravus Hoplophoneus (armed slayer) 
Oligocene | Dinictis (terrible weasel) 
Lower Dimiclis ral equipped as to 
Oligocene | Alurictis (cat weasel) the jaw) 
Eocene uimdcavared Miacide, probably Asiatic 


* Pseudelurus may represent a new immigrant unrelated to Nimravus (see 
text, page 571). 
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Ancestry.—The cats seem to have had their initial evolution in 
the great Asiatic adaptive radiation center, whence they spread 
the world over. It is only in North America, however, that the 
paleontological series is sufficiently complete to reconstruct a phy- 
logeny such as the above. The Asiatic Eocene ancestry is as yet 
unknown, 

Feline Phylum.—Dinictis (Figs. 184,A; 185) is the most primitive 
of cats, but is, nevertheless, despite the fact that Matthew places 
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Fic. 185.—Restoration of the ancestral feline, Dinictis. (After Knight, from 
Osborn.) 


it in the biting cat phylum, a saber-tooth, as the elongated upper 
and reduced lower canines, the flattened chin, and the protective 
jaw-flange show. Scott looks upon this form as the somewhat mod- 
ified survivor of the ancestral stage, and representing very nearly 
the common starting point’ of both the feline and macherodont 
subfamilies. As compared with its contemporary, Hoplophoneus 
(Fig. 186), the limbs in Dinictis are longer and more slender, imply- 
ing greater cursorial powers. The limbs also retain more primitive | 
features, and the smaller feet, with their less developed claws, did not 
have the clutching power of those of Hoplophoneus. Altogether 
Dinictis, while showing certain saber-tooth characteristics, was 
speedier and less capable of holding a struggling prey while the 
stabbing tusks could manifest their effectiveness. It was therefore 
tending toward the adaptations of the modern cats, which is reason 
for considering it the first recorded member of their line rather 
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than the common ancestor of both phyla. Dinictis is confined to 
the American Oligocene. 

The genus Nimravus (Fig. 184, C) is still more like the modern cats 
in the general aspect of the skull and dentition. The canines are 
more nearly of a size, although the upper ones are still decidedly the 
larger. The mastoid process is not at all prominent, the lower jaw 
lacks the flange, and the chin is becoming rounded. The limbs are 
long and slender as in Dinictis, but the foot, instead of being five- 
toed, has but four, of which the lateral ones are shortened; while all 
of them bore only partially retractileclaws. In general, the limbs are 
dog-like, resembling those of the living cheeta (Cynelurus) of which 
we have spoken and which may be a lineal descendant of these so 
called “false saber-tooths.” Nimravus is found in the Upper 
Oligocene and Lower Miocene of North America and the Miocene 
of France. 

In Pseudelurus the canines are normal and the jaw has neither 
flange nor an angulated chin. The skeletal characters and much of 
the skull are as yet unknown. This cat is found in the mid-Miocene 
of France and again in the Middle and Upper Miocene of Nebraska 
and Colorado. It isan undoubted ancestor of Felis, though it may 
not have been derived from Dinictis at all, but is rather, as Scott 
believes, a new migrant both into Europe and North America from 
the Asiatic home of the race. That there were two phyla Scott 
does not deny; he does object, however, to Matthew’s attempted 
derivation of biting cats from primitive saber-tooths such as Dinic- 
tis, claiming that “this view runs contrary to the supposed ‘law 
of the irreversibility of evolution,’ a rule which many authorities 
look upon as well established.” “The theory,” Scott continues, 
“postulates a different mode of development from anything that 
we have so far encountered in the series previously described and 
supposes that the upper canine first lost its original form, becoming 
a thin, elongate and scimitar-like tusk, while the lower canine was 
reduced almost to the proportions of an incisor and the lower jaw 
acquired a straight, flat chin and inferior flanges for the protection 
of the tusks. Then, after specialization had advanced so far, it 
was reversed and the original condition regained. This interesting 
hypothesis may possibly turn out to be true, though personally I 
can not accept it, and, should it do so, it would necessitate a thor- 
oughgoing revision of current opinions as to the processes of mam- 
malian development.” 
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The law of the irreversibility of evolution applies rather to the 
impossibility: of regaining a lost anatomical structure, not, as Scott 
would imply, to the reduction of a highly specialized one; and while 
the parallelism is not exact, the proboscideans to be discussed in 
the next chapter underwent somewhat the same evolution as that 
which Matthew postulates for the cats, in that a highly modified 
and elongate jaw symphysis subsequently shortened and simplified 
and the upper tusks, large structures in all known prehistoric ele- 
phants, are to-day becoming vestigial in the existing Indian species, 
even in the males. 

Felis (Figs.183,B;184, E) is thefinal genusof thebiting catphylum 
and needs no further description than that given above. Geologi- 
cally it dates back to the Pliocene and was represented in the North 
American Pleistocene by a large species, Felis atrox, of a size greater 
than a lion and ranging over the southern half of the continent. 


Fic. 186.—Restoration of the ancestral machzrodont, Hoplophoneus. (Modified 
after Knight, from Osborn.) 


Huge specimens of this species, differing somewhat from the type, 
have been found in the Rancho La Brea asphalt of southern Cali- 
fornia in association with the great saber-tooth Smilodon californi- 
cus. But although the skulls of the latter are numbered by the 
hundreds, as many as thirty having been found within the space of 
three or four cubic yards (Daggett), those of the former are very 
rare, as though their habitat and habits differed materially, and the 
lion-like form, not being adapted to prey upon the great brutes 
which were caught in the tar, did not venture within the limits of 
its fatal grasp. 

Saber-tooth Phylum.—Turning to the saber-tooth phylum, 
there is little doubt that the Oligocene Hoplophoneus (Figs. 184, B; 
186; Pl. XIX) was the direct ancestor of the saber-tooth line. In this 
genus the upper canine was long, thin, curved, and finely serrated 
along both edges, but the lower canines were hardly larger than the 
incisors. The skull was longer than in modern cats and in every 
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way resembled a smaller and more primitive edition of that of 
Smilodon. The lower jaw was relatively much stouter than in the 
latter and the flange was so deep that the tusks were completely 
protected and could only be used when the mouth was open. Smilo- 
don, on the other hand, could have used the tusks very effectively 
with the mouth closed; whether it did or not is a matter of opinion 
which can not now be decided. The body and tail of Hoplophoneus 
had more the proportions of a modern leopard, but the limbs were 
more powerful, although far less so than in Smilodon. The char- 
acter of the fore limb bones implies great freedom of rotation of the 
fore paw, showing it to have had a more general use than in modern 
cats. The feet were small, five-toed, but with fully retractile claws. 
Thus Merriam says: “The presence of long, knife-like canines is 
correlated with powerful grasping feet possessing highly developed 
retractile claws. With its powerful feet the animal clung to its prey 
while it struck repeatedly with its thin, sharp sabers.” 

Macherodus (Fig.184, D) is the Miocene to Pleistocene represent- 
ative of the saber-tooth phylum, known from very fragmentary 
material in North America, but from practically perfect skulls 
in the Miocene of France. The skull is like that of Smilodon, 
but somewhat more primitive, being longer, with a smaller brain- 
case and muscular crests. The mastoid processes for the insertion 
of the stabbing muscles of the neck were less developed. The jaw, 
on the contrary, was proportionately heavier than in Smilodon and 
the protective flange much larger. It was insufficient, however, 
fully to protect the canine when the mouth was closed. Machero- 
dus is in many respects midway between Hoplophoneus and Smilo- 
don, but whether or not any of the American Miocene and Pliocene 
forms are surely of that genus can not be decided until skulls are 
found. The jaws which are known, however, are quite similar. 

The genus Smilodon (Figs. 183, A; 184, F; 187; Pl. XX) terminates 
the series of saber-tooth cats and has already been characterized 
in contrast with Felis (page 567). It seems to be exclusively New 
World, the European Pleistocene saber-tooths belonging to the 
more conservative Macherodus. Smilodon was originally dis- 
covered in South America (Pampas formation), but its presence in 
North America is abundantly proved by the profusion of its re- 
mains at Rancho La Brea. As it is often found in association with 
ground-sloths (Mylodon, etc.) which are unknown in.the Old World, 
its final specialization over the more conservative Macherodus, 
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its European contemporary, may well have been a special adapta- 
tion to destroy and devour the great sloths in particular, rather 
than the other pachyderms which formed the dietary staple of saber- 
tooths in general. 

There is preserved in the Museum at Buenos Aires a skull of 
Smilodon neogeus, casts of which may be seen in many museums, 


Fic. 187.—Restoration of the final macherodont, Smilodon. (After Knight, 
from Osborn.) 


in which one of the tusks is locked fast by its tip between the equiva- 
lent canine and incisor of the lower jaw. This has been cited as 
argument for the belief that these structures had grown so huge as 
to become an actual menace to the individual, causing in the present 
instance a case of mechanical lockjaw which was followed by death 
from starvation. The analogy, although not precise, lies with the 
deer whose antlers are occasionally locked in combat, resulting 
in the speedy death of the contestants, either from starvation or be- 
cause their subsequent helplessness renders them an easy prey to 
human or other enemies. This has been taken as an argument in 
favor of momentum in variation (Loomis), by which is meant ortho- 
genetic variation, possibly guided in part by natural selection, but 
which, instead of ceasing when the point of greatest usefulness is 
attained, breaks away from selection control and continues to 
increase even to the limit of disaster. 

Merriam speaks of the destructive apparatus of the saber-tooth 
tiger as ‘‘one of the most deadly combinations that has been found 
in any flesh-eating animal, but like the delicate mechanism of the 
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high power gun there seem also to have been great possibilities for 
becoming disabled; and if the long, thin sabers were once broken 
the saber-tooth would be less effective than the other large 
cats. ... Ina large number of specimens found there is evidence 
of fracture or loss of one [see Plate XX] or both sabers long before 
the death of the animal, so that the extreme specialization of this 
creature may have led to a stage at which accidents occurred so 
commonly as to destroy the type.” 

Matthew, on the contrary, can not believe ‘that such a noxious 
character could be developed to the point of seriously reducing the 
expectation of life of the individuals in which it was present, much 
less of being the direct cause of the extinction of a race.” He be- 
lieves that in Smilodon, the immense development of the canines 
“made them highly efficient weapons for a particular mode of 
attack and was an essential element of its success in its especial 
mode of life, not a hindrance or bar to its survival.” 

As we have seen, the evolution of the biting cats, swift of foot 
and powerful of jaw, was correlated with that of the thin-skinned 
cursorial ungulates, their normal prey. With them, these cats 
spread and waxed strong and powerful, and with their diminution 
in the New World the felines diminished. In the Old World, on 
the contrary, both great cats and great game of the cursorial sort 
are still numerous. 

The macherodonts, on the other hand, increased pari passu 
with the heavy, slow-moving, thick-skinned forms and with them 
they diminished, for both the ungulates and the sloths and their 
saber-tooth enemies are extinct in the New World, while in the Old 
the great ungulates are rare and so far between that the saber- 
tooths have entirely disappeared there as well. Since their day the 
elephants and rhinos, once their stature is attained, fear no foe but 
man, although the lions and tigers do assail their young and thus 
they are held in check. It is the old story of high and narrow spe- 
cialization and the dependence upon a peculiar sort of conditions 
and of food—eliminate those conditions or the food and the very 
specialization which was once a mark of adaptability now makes 
the race inadaptable and its doom is sealed. 
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CHAPTER XXXIV 
PROBOSCIDEANS 


Aside from the whales and the great dinosaurs of the Mesozoic, 
the elephants lead the kingdom of beasts in size and majesty, and 
stand unique in nobility of physical and mental character. Add to. 
this the fact that their evolution since the close of the Eocene can 
be traced with great fullness, and their claim to our interest, second 
only perhaps to that of the horses and mankind, is complete. 

Place in Nature.—The placental mammals may be grouped, 
principally according to the character of their foot armament, into 
four cohorts: the clawed or unguiculate forms, the hoofed or un- 
gulate, the nailed or primate, and the cetaceans or whales. Of 
these the Carnivora as representatives of the unguiculates have 
been discussed, and we now pass to a consideration of the hoofed 
creatures, of which the Proboscidea form, in a sense, the most primi- 
tive of living orders. 

Proboscidea are therefore members of the class Mammalia, cohort 
Ungulata, which embraces also the familiar Perissodactyla and Ar- 
tiodactyla, the archaic Condylarthra and Amblypoda, and the 
curious South American Notoungulata, as well as the Hyracoidea, 
and, as an appendix to the cohort, the Sirenia or sea-cows. It is 
with the last two orders particularly that we are concerned, for 
Paleontology has shown that however far removed from the lordly 
elephant the humble hyraces or conies on the one hand and the 
whale-like sea-cows on the other may be, they are nevertheless the 
nearest to the Proboscidea of all mammalian orders. 

The great divergences between the ultimate representatives of 
the Proboscidea and Sirenia, the elephant and manatee, are merely 
due to environmental adaptation, the offspring of a swamp-dwelling 
ancestor coming to a parting of the ways of which one leads to 
firmer ground, the other to the waters. The elephants’ evolution, 
as we shall see, largely concerns the head; the body, except for the 
increase in bulk and the mechanical readjustment of the limbs to 
bear the weight, exhibiting but little change with the flight of time. 
The sea-cow (Fig. 188), on the other hand, is profoundly altered in 
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Fic. 188.—Manatee, Manatee australis. (After Brehm, from Lull.) 


Fic. 189.—Conies or hyraces, Hyrax abyssinicus. (After Brehm, from Lull.) 
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its bodily contour, the hind limbs have disappeared, and in their 
stead there has been developed a propulsive tail. The head, 
however, in contrast with that of the elephant, has remained prac- 
tically as it was. 

The other near relatives of the Proboscidea, the Hyracoidea 
(Fig. 189), are few, nor have we record of their ever having been 
numerous. They are small, rabbit-like animals, differing from the 
proboscideans in that their feet are hoofed instead of being clawed; 
their ears are short and their teeth are those of ungulates—more 
like those of a miniature rhinoceros than a rodent. These are the 
conies, the feeble folk of the book of Proverbs, which make their 
dwelling among the rocks, and they have existed with compara- 
tively little change for millions of years, while elephant and sea- 
cow lineage have departed so widely, each along its chosen course. 
The hyraces, of which there are but two genera, one of them, curi- 
ously enough, being arboreal, are distributed from the Arabian 
Peninsula through Africa to the Cape of Good Hope. These 
closely related orders, Proboscidea, Hyracoidea, and Sirenia, are 
known first from Africa and seem to form the principal contribu- 
tion of the Dark Continent to the world’s mammalian fauna (see, 
however, page 593). 


ELEPHANT ANATOMY 


Something of the anatomical structure of the elephant is neces- 
sary to an understanding of the evolutionary changes which its 
ancestors have undergone. In our discussion of this structure we 
will speak first of the primitive or archaic characteristics, then of 
the elephant’s specializations. 


Archaic Characters 


The elephant contains within its huge body a number of primi- 
tive features, for the soft parts of an animal’s anatomy are less 
subject to mechanical stresses and are therefore rather more con- 
servative in their rate of change than are the bones and teeth. To 
enumerate briefly: the stomach is simple in form, the liver has but 
two lobes without a gall-bladder, the lungs are simple and but 
slightly lobated, there are two superior venee cave (the ancient 
number) which carry blood to the heart, the placenta by which 
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the unborn young are nourished is primitive, and finally the brain, 
although huge in size, is old-fashioned in form in that the cerebrum 
or fore-brain does not cover the cerebellum, a notable contrast 
with that of man. 

Skeletal Structures.—The feet are five-toed, although there is a 
tendency toward the reduction of the lateral digits of the hind 
foot, especially in the African elephant. The number of hoofs 
may be fewer than the actual digits, as the entire structure is en- 
cased within a huge cylindrical mass of flesh and skin so that no 
external sign of the digits other than their terminal nail-like hoofs 
is visible. 

The carpal or wrist bones are serial, that is, placed one above 
another in line with the metacarpals themselves. This is the type 
of wrist seen in the condylarth Phenacodus 
(Fig. 177) and is mechanically defective as 
compared with a displaced or interlocking 
carpus wherein the bones alternate as do the 
stones in a well laid wall. It will be seen at 
once that a serial carpus will not properly 
resist splitting stresses and therefore can not 
be used in an animal which is either digiti- 
grade or unguligrade unless, as in the ele- 
phant, the entire foot is bound together in 
such a way as to eliminate these strains. 

On the part of all cursorial ungulates such 
as the horse or deer the ulna tends to re- 
duce, especially in its lower two-thirds, the 
Sue ee upper portion, which forms the elbow joint, 
viewed from in front, Delng of necessity retained. Inthe Probos- 
showing the serial carpals cidea, on the other hand, not only is the 
fee) bones. (After yIna retained entire, but it has become the 

dominant bone of the fore arm, the radius 
being much more slender and crossing over the ulna from the outer 
to the inner side. (See Pl. XXII.) 


Specializations 


Size.—The grandeur of the elephant is a familiar thing in these 
days of zodlogical gardens and circus caravans, but rarely does 
one see a really huge specimen. The tallest living elephants be- 
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long to the African species, as those of India are longer and lower. 
“Jumbo” (Pl. XXI), the huge African elephant purchased by 
P. T. Barnum from the London Zoo, had a height of 11 feet and a 
weight of 614 tons! His weight but not his stature was exceeded 
by a‘huge Indian elephant in Barnum’s herd a few years ago. 
Wild African elephants are said to attain a height of 13 feet, while 
the largest American proboscidean was the imperial elephant of 
the early Pleistocene whose stature equalled if it did not surpass 
that of the African form. The greatest recorded height is that 
announced in the recent English press for a straight-tusked ele- 
phant, Elephas antiquus, discovered near Chatham, England, in a 
Pleistocene river terrace in the grounds of the Royal School of 
Military Engineering at Upnor. This creature will rival, if not 
exceed in size the great skeleton of Elephas meridionalis in the 
Paris Museum, which measures about 14 feet in height at the 
shoulder. 

Pillar-like Limbs.—While the bones of the limbs and feet are 
primitive in their numbers and arrangement, they are modified in 
one way in that they lack the angulation characteristic of ordinary 
ungulates and are perpendicular one above another. Thus in the 
horse the thigh is permanently flexed at the knee so that its long 
diameter is always oblique, but that of the elephant is vertical. 
This produces an alteration in the shape of the bone itself, for in 
the horse it is an elongated S with the articular faces more or less 
parallel with the axis; in the elephant it is I-shaped, the articula- 
tions lying at right angles with the axis of the bone. As the stress is 
thus transmitted through the length of the bone, the latter may 
be flattened without serious detriment to its strength, which is 
impossible when the stress passes obliquely through the bone. 
We find this same type of limb again and again, as in the amblypod 
Dinoceras and the sauropod dinosaurs, and, while these creatures 
have not been observed in the flesh, the inference that their limbs 
were elephantine as an adjustment to weight-carrying is irresistible. 

Shortening of the Neck.—As a rule, long limbs like those of the 
elephants are accompanied by a corresponding lengthening of the 
neck, as in the horse or more notably the giraffe, to enable the 
owner to reach the ground. This arrangement serves well enough 
where the head is comparatively small and there is no proboscis, but 
in the elephant the huge head could hardly be borne on a long 
neck, and besides, the proboscis obviates the necessity for this. 
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Proboscis.—The trunk of the elephant is in many ways its most 
distinctive feature and, indeed, gives the name to the order. It is 
the much elongated combined nose and upper lip, and the nostrils 
run the entire length, terminating at the tip, which is provided 
with one (Indian) or two (African) finger-like processes by which 
relatively minute objects may readily be picked up. The trunk 
is a great muscular mass with an enormous number of com- 
ponent muscles which by their codrdinate movement shorten or 
lengthen the organ as a whole or curl it about any larger object to 
be lifted. It abundantly compensates for the extremely short 
neck. 

Form of the Skull.—Next to the proboscis, one of the most re- 
markable elephantine features is the peculiar proportions assumed 
by the skull, which has not only increased in actual size, but its 
height is all out of proportion to its length as compared with that 
of other animals. This is simply a mechanical adaptation to give 
leverage for the great weight of the trunk and its occasional bur- 
dens. The skull may be looked upon as a lever of which the oc- 
cipital condyles form the fulcrum, the long axis the weight arm, and 
the occipital plane, at right angles to the long axis, the power arm. 
Shortening the long axis reduces the weight arm, while the height- 
ening of the skull, especially at the occiput, lengthens relatively 
and actually the power arm, thus increasing the leverage and at 
the same time giving greater sucface for the attachment of the 
great elastic ligament (ligamentum nuche) which runs backward 
to the vertebral spines and bears the weight of the head, and for 
the huge muscles of the neck. Thus not only is the power greatly 
increased, but it is much more effectively applied through this 
“bulldogging”’ of the skull, as it has been called. The alterations 
in shape thus described do not carry with them an increase in the 
size of the brain cavity, but the outer and inner “tables” of the 
cranial bones have separated from each other and the intervening 
space has become filled with air-cells separated by thin, apparently 
irregular, bony plates. To this cancellous bone with its air-cells 
the name diploé has been given. It is found in the skulls of other 
animals and of man where wide expansions of bone are developed, 
such as in the skull of Coryphodon (page 555), but nowhere is the 
diploé developed to the extent found in the elephant. 

Dentition.—Another highly characteristic proboscidean feature 
is the dentition, remarkable in three ways: fewness of the teeth 
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Fic. 191.—Skull of elephant, Elephas indicus, sectioned. B, brain cavity; 7, incisor 
(tusk); m3~5, molars 3-5. (After Owen, from Lull.) 


present at any one time, tooth succession, and the development 
of the individual tooth itself. 

An elephant (genus Elephas) never has more than one pair of 
tusks, which are the second upper incisor teeth, and one complete 
or two partial grinders in each half of each jaw, that is, six complete 
or ten partially worn and partly formed teeth at any one time. 
Of course the total number of teeth is greater, twenty-eight as 
compared with the normal forty-four, but instead of having a 
milk set, succeeded vertically by the permanent teeth, the teeth 
appear in numerical sequence. The upper milk tusks are suc- 
ceeded by the permanent ones as in other mammals; the grinders, 
however, are formed one at a time in the rear part of the jaws and 
move forward to replace those worn out by use. Owen tells us 
that the milk or deciduous tusk appears beyond the gum between 
the sixth and seventh month and rarely exceeds two inches in 
length and a third of an inch in diameter at its thickest part where 
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it protrudes from the socket. The permanent tusk cuts the gum 
usually a month or two after the milk tusk is shed. The first 
molar tooth appears during the second week, is complete and in 
full use at three months, and is shed when the elephant is about 
two years old. The second molar has most of the plates (see page 
585) in use at two years of age and is shed at six, the third ap- 
pears at two, is at its maximum at five, and is shed at nine. These 
are looked upon as milk molars. The first true molar, which is 
the fourth grinder in succession, appears at the sixth year and is 
shed from twenty to twenty-five, the fifth shows its crown at 
twenty and is shed probably at sixty, and the last molar appears 
at from forty to fifty years and lasts out the century. 

The tusks are spirally curved, elongated cones composed, ex- 
cept for a small patch of enamel at their unworn tip, entirely of 
dentine or ivory of superlative fineness. They grow from a large 
conical pulp at the bottom of the alveolus or socket, and are formed 
continuously throughout the animal’s life. Many other creatures, 
such as the rodents, have continually growing incisors, but with 
them the upper and lower teeth are antagonistic and are kept 
within limits by wear. With the elephant’s tusks this is not true 
and while their use, especially that of digging, entails some wear, 
there is nothing to limit their monstrous growth. The tusks of the 
Indian or Asiatic elephant are comparatively moderate in size, the 
largest cited by Owen in his Odontography having a length of 9 feet 
with a basal diameter of 8 inches and a weight of 150 pounds; but, 
as he says, these dimensions are rare in the Asiatic species. The 
record for an African elephant, on the other hand, is that of a superb 
pair of tusks recently seen in New York, of which the right one 
was I0 feet 34 inches long by 23 inches in circumference and weighed 
224 pounds, while the left was ro feet 34 inches long by 2414 inches 
around and weighed 239 pounds, giving a total of 463 pounds for 
the pair! It is said that the creature that bore these tusks was so 
old and the tusks so burdensome that he occasionally had to stop 
and rest their tips on the ground. The females of both species 
usually have smaller and straighter tusks than the males, although 
the tusks may be vestigial in the Asiatic females and in the males 
as well. In certain of the extinct forms, notably the imperial ele- 
phant of southern United States and Mexico, the tusks are much 
larger, those of a specimen at Yale measuring more than 13 feet on 
the curve, while one in the City of Mexico is said to exceed 16 feet. 
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The molar teeth (Fig. 192) are highly complex structures made 
up of a number, up to twenty-seven or more, of transverse plates 
or lamellze, each of which is composed of a flattened mass of dentine 
surrounded by enamel. The plates are united by a third substance 
known as cement so that as the 
crown wears away it bears a num- 
ber of transverse ridges, formed of 
the harder enamel, separated by 
depressions at the bottom of which 
lies the softer cement or dentine 
as the case may be. The first teeth 
are relatively simple, but the num- 
ber of plates and consequent ridges, 
two to a plate, increases with the 
size of the teeth until in the last 
molar the maximum of twenty- 
seven for the Asiatic and ten or 
eleven for the African elephant is 
reached, the latter being more prim- 
itive in its tooth structure Fic. 192.—Molar tooth of elephant, 

Z : Elephas indicus. A, crown view; B, 

Brain.—As we have already seen, sectioned longitudinally. Black, en- 
the brain is of an old-fashioned sort amel; oblique lines, dentine; dots, ce- 
in that the fore-brain does not ™™ ‘Alter bul) 
cover the hind-brain; on the other hand, its specializations lie in 
its great size, which actually twice exceeds that of man and is 
second only to the size of the brain of the great whales. In ad- 
dition to its volume the elephant brain is noted for its convolu- 
tions but this is in part an adaptation to size, for the bulk of an 
object increases with the cube of its diameter, while the surface 
enlarges with the square; the one therefore outruns the other, and 
if they are to bear a definite ratio to each other the surface must 
be increased by infolding. Beddard speaks of the proboscidean 
brain as a great specialization of a low type. 

The intelligence of the elephant has been exaggerated by some 
writers and greatly minimized by others. Elephants possess a 
remarkable memory of injuries, real or fancied; of misfortunes; 
of friend and foe; and of the time and place of the ripening of fa- 
vorite fruits, as many a planter knows to his cost. They also learn 
to perform complex labors, such as the carrying and piling of logs 
in the teak yards of India without direction other than the initial 
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order; they are obedient and docile, notably those of India, and 
this seems the more remarkable when it is remembered that they 
are not domestic animals in the sense of being the product of genera- 
tions of selective breeding, but that practically every one is caught 
wild and subsequently tamed, so that these qualities of which we 
speak are inherent in the race. 

But the docility, especially of the males, is subject to rude in- 
terruption by periods of nervous excitement, apparently of a sexual 
nature, known as “must,” during which they become very danger- 
ous and sometimes destroy the keepers in their paroxysms of rage. 
Ultimately all male elephants 
become surly and_ intract- 
able; in the wild state such 
“A are known as rogues and live 
-J apart from their kind until 
they die. The great Asiatic 
elephant ‘Gunda” (see PI. 
XXIII, B) in the New York 
Zoological Park, when pur- 
chased in 1904 was so docile 
that children rode upon his 
back. In 1908 he began to 
show signs of surliness’ and 
the following year made a 
murderous attack upon his 
keeper. In 1912 ‘‘Gunda” 
was put in chains for another 

Fic. 193.—Embryonic elephant, Loxodonta SaVage assault, and in I1QI3 
africana, resting on a drinking glass. (From another keeper had a narrow 
L’ Illustration.) 

escape from death. Finally 
in 1915 the beast had become so dangerous and so unhappy that in 
spite of being in every other way a superb specimen he was con- 
demned to death and executed. His age at the time of his death 
was about twenty-four years. The famous “Jumbo” was sold 
from the London Zodélogical Gardens because he was no longer 
trustworthy from the same cause. He was not, however, a con- 
firmed rogue, even when he died three and a half years later. 
“Jumbo” was also twenty-four years old at the time of his death. 

There is a certain parallelism between the nature of human mental 
development and that of the elephant. One of the most potent 
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factors in the evolution of man’s mind is his ability to handle 
various objects and thus bring them before the eyes for examination. 
This is also true of the elephant, although to a less extent, and un- 
doubtedly has aided mate- 
rially in its mental develop- 
ment. 

Elephants have _ been 
rightly accused of timidity 
and cowardice, though 
when brought to bay rage 
may simulate courage, 
making a charging tusker a 
most formidable foe. 

Senses. —In common 
with most forest and jungle ’ 
dwellers with whom oppor- A 
tunity for extended vision 
is rare, elephants are rel- 
atively dull of sight, though 
keen of scent and hearing, 
in fact, marvelously so, for 
Schillings, the German ex- 
plorer, tells us that they 
either have an acuteness of 
some known sense far be- 
yond our comprehension or 


some other sense unknown fc. 194.—Sections of skull of (A) young and 
‘wey ibe, DoS latter, how- (A/’) adult African elephant, Loxodonta africana, 


- : showing development of cellular structure or 
Seas Teeerie (ee diploé with age. B, brain cavity. (After Flower.) 
since the sentinels o e 


herd stand with uplifted trunk testing the breeze, it is probably in 
the sense of smell that elephants are thus gifted. 
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EVIDENCES FOR EVOLUTION 
Ontogeny 


But little is known of the earlier stages of elephant ontogeny 
owing to the great scarcity of embryonic material. The smallest 
and most immature embryo of which a description has been thus 
far published was pictured in L’//lustration for December 20, 1912 
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(see Fig. 193). In this picture the creature, whose length was but 
17 centimeters (6°/g inches), is seen astride an ordinary drinking 
glass (tumbler), but even at this early stage is essentially elephan- 
tine, proboscis and all. About the only thing noticeable in the 
picture wherein the specimen departs from the normal elephant 
is the marked angulation of the limbs and the relatively greater 
length of the foot below the heel. The embryo is that of an African 
elephant from the Kongo. 

Aside from the gradual increase in tooth complexity with age, 
perhaps the most notable ontogenetic change is the heightening 
of the skull with the development of the diploé, for the cranium of 
a new-born elephant is like that of other mammals, a comparatively 
thin-walled brain-case, the cavity of which increases but little in 
size with the growth of the skull as a whole, as the figure shows 
(Fig. 194). : 


Phylogeny 


Size.—The phylogenetic changes, on the other hand, are amply 
recorded by the remarkably extensive series of fossil Proboscidea 
which have come to light. If Meritherium (see page 593) is to be 
considered a proboscidean in the direct line of descent, its estimated 
height of 314 feet may be taken as the one extreme in the series, 
that of Elephas antiquus of 14 feet as the other, an increase of about 
four diameters or sixty-four times in bulk. 

Dentition.—The dental formula of Meritherium may be ex- 


ty Ones upper rt. 3-lft. 3, : I-r, 3-3. 
pressed thus: incisors, jjyeratgdit, Canines, —; premolars, , 
63 20 


yy) 3-3? 
molars, ar ire 38 teeth, a very slight reduction from the 
normal 44. 


In Palgomastodon (see page 593) the formula is: i, =; c, 2; 


? 71? ~? oo? 
3, : 10) . : 
Pe = = = = 30 In Mastodon americanus: deciduous 
che etait o-0, Sing == 8 = . +] Tet 
Cectlis ty Fa Cy aes sD ea 16; permanent teeth: i, Saat 
o-0, Tat Seo Paes Io — oe . 1 
Oo Daa ee ens 18-20. Elephas: deciduous and 
permanent: i, 3; m, <, = = = 28. Thus it will be seen that 


there is a gradual diminution in the number of the teeth during the 
progress of evolution; especially is this true with reference to the 
number present in the jaws at any one time. 

In the earliest proboscidean (Meritherium) the molar teeth are 
small and short-crowned, with two or three simple transverse crests 
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separated by open valleys. As time goes on the number of cross 
crests becomes greater, although in the mastodons there are never 
more than five or six. The mastodons have, moreover, little or no 
cement in the intervening valleys, although the latter may be more 
or less interrupted by additional cusps. In some species the worn 
crests are comparatively simple, in others there is a more or less 
complex “trefoil”? pattern of the enamel produced by wear. 

The transitional elephants of the genus Stegodon (see page 600) 
have more complicated teeth, the crests increasing in number up 
to ten and becoming narrower; there is also a tendency toward the 
filling of the valleys with cement. In Elephas the deep-crowned 
complex grinding teeth suitable for harsh herbage are perfected, 
reaching great intricacy in the Siberian mammoth, Elephas primi- 
genius, in which the number of crests may be twenty-five or more. 
In the African elephant, Loxodonta, the teeth are less complex in 
that not only are the crests fewer, ten or twelve, but each be- 
comes lozenge-shaped upon wear rather than having the form of 
a greatly compressed ellipse with parallel sides. 

Tusks.—The earliest form, Meritherium, has three incisor teeth 
above on each side, the second pair of which are larger than the 
others and point sharply downward; the single lower incisors are 
in the form of procumbent tusks almost horizontal in their position. 
Palgzomastodon, the next stage, has a single pair of tusks above, 
with a broad enamel band, and a pair of spatulate ones below at the 
end of the elongating lower jaw. None of the tusks are contin- 
uously growing as in later forms. From Palg@omastodon on, the tusks 
are borne in both jaws and grow continuously throughout life, the 
upper pair, which are curved downward, possessing an enamel band 
on their outer face. These are the four-tuskers or tetrabelodonts. 
Subsequently all of the Proboscidea lose the lower tusks although 
vestiges, one or two, may be present in the male of the American 
mastodon. With the loss of the lower tusks the upper ones turn 
upward and finally lose their enamel, as in the form just mentioned 
and in the true elephants. 

Lower Jaw.—The lower jaw also undergoes a remarkable evolu- 
tionary change, elongating at the symphysis with the development 
of the lower tusks until a maximum is reached, after which, with 
the loss of these tusks, it shortens until but a spout-like vestige 
of the old elongation remains. In the aberrant form Dinotherium 
the lower tusks are retained but the jaw bends downward sharply 
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TESTO 5: 
phants. A, A’, Elephas, Pleistocene; B, Stegodon, Pliocene; C, C’, Mas- 
todon, Pleistocene; D, D!, Trilophodon, Miocene; E, E!, Paleomastodon, 
Oligocene; F, F/, Meritherium, Eocene. (After Lull.) 


Evolution of head and molar teeth of mastodons and ele- 
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at the symphysis so that the short, pointed tusks lie at right angles 
to the jaw. The upper tusks are apparently lacking. Tusks seem 
to have had for their stimulating function that of digging—first a 
spade-like use of the spatulate lower tusks, the upper ones having 
possibly a pickaxe-like function for loosening the earth. Later 
when the upper ones assume the entire digging function, as we 
have seen, they turn upward instead of down. The African ele- 
phant to this day is a most industrious digger and the right tusk, 
as a consequence, is almost always the shorter of the two. The 
use to which Dinotherium put its lower tusks is conjectural; there 
is reason to believe, however, that it may have been partially 
aquatic and the simplicity of its teeth points to a very succulent 
sort of food, possibly of aquatic or swamp vegetation; if so, the 
tusks may have been used for detaching it. 

Proboscis.—The presence of a proboscis is always indicated by 
the shortening and backward retreat of the nasal bones, together 
with a strengthening of the adjoining bones for muscle attachment. 
There is therefore no reason to believe that Meritherium bore a 
proboscis of any sort, although it may have possessed a prehensile 
upper lip; but even this cannot be proved. In Pale@omastodon, on 
the other hand, the nasals have receded and the rear of the skull 
has begun to heighten, indicating that a proboscis had been de- 
veloped probably merely for the purpose of reaching beyond the 
lower tusks. Thus the development of the latter seems to have 
been the prime cause of the growth of the trunk which developed 
part passu with the elongating lower jaw. Although the jaw was 
long, however, the proboscis was distinctly limited in its move- 
ment, for while it could be raised and swayed from side to side it 
could not be bent downward unless to one side of the jaw. The 
shortening of the jaw, or, as in Dinotherium, its downward curva- 
ture, left the proboscis as the wonderful pendent organ which the 
living elephant possesses. 


OLIGOCENE MIOCENE PLIOCENE PLEISTOCENE RECENT 


EOCENE (UPPER) 


PHYLOGENY OF THE ELEPHANTS 


Loxodonta Elephas 
Africa Asia 
% 
Extinct ¥ Extinct Extinct 
Elephas Hilephas Mastodon Dibelodon 
< 
4 
jo} 
B ° 
ols 
Elephas<——_—  Elephas Mastodon Fyn 
To N.A. : 
Dibelodon 
Extinct Teivalomhod 
Dinotherium Stegodon EU OP eee 
a Q ° 
< Y\ Mastodon Tetralophodon 
& 5 B. 
sos 
Dinotherium Trilophodon 
Kurope 
EE 
A Extinct 
4 Paleomastodon Meritherium 
Africa and Asia Africa 


? 


Meritheririm 


Africa 


Proboscideo-Sirenian 


ancestor 


PROBOSCIDEANS 593 


ANCESTRY 


Early Tertiary Ancestors.—The genus Meritherium (Moris, 
an ancient lake near which the remains were found, and Op, 
beast) (Figs. 195, F, F’; 196; 197) 
comes from rocks of late Eocene 
and Lower Oligocene age in what 
is known as the Faytim district of 
the Libyan desert, some 60 miles 
southwest of Cairo, Egypt. The 
form is imperfectly known except 
for the skull, which is unlike that : 
of any other proboscidean in that Frc. 196.—Skull of Meritherium Ly- 
the face is short, the middle portion osi, Eocene, Africa (Faytim). One- 
long, and there is no indication of eee size Alten Bae: 
a proboscis. However, it does 
show the beginnings of proboscidean evolution in that the nasal 
openings are large and are beginning to recede, the air-cells are 
beginning to form in the back of the skull, the second pair of 
upper incisors are enlarging into tusks, the molars are transversely 
ridged, and the anterior part of the lower jaw is elongating and 
becoming spout-like. So much of the skeleton as is known indicates 
an animal about 3% feet high. This creature was probably a 
swamp-dweller, living upon the succulent semiaquatic herbage of 
the time. It is unrecorded outside 
; of the Faytim, but seems to have 
existed into the Lower Oligocene 
so as to become a contemporary 
with the next genus. 

The succeeding genus in the 
evolutionary series, Paleomasto- 
don (manatos, ancient, and mas- 
Fic. 197.—Head of Meritherium, tre- todon) (Figs. 195, E, Ee 198; 199) 

Stored sa ee ecole, was also discovered in the Lower 
Oligocene of the Faytim district, but has recently been reported 
from the Gaj horizon of northern India in the Siwalik hills. It is 
an undoubted proboscidean of larger size than its predecessor and 
with limbs much like those of modern types. The skull has in- 
creased materially in height, with a considerable development of 
diploé, and the small nasals with their openings have receded so 
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that they lie just in front of the orbit much as in the modern 
tapirs. This would imply the development of a short extensile 
proboscis. The up- 
per and lower ca- 
nine and _ incisor 
teeth have entirely 
disappeared, with 
the exception of 
the second pair of 
incisors, which 
have become well 
developed tusks. 
Those of the upper 
: jaw are large, 
Fic. 198.—Skull of Paleomastodon, Oligocene, Africa downward curved, 
ae One-twelfth natural size. (After Andrews, from and have a band 
of enamel on their 
outer face. The lower jaw has elongated considerably, especially 
at the symphysis, and the tusks point directly forward as in 
Meritherium. The premolar teeth have two and the molars three 
transverse crests composed of distinct tubercles, while the hinder- 
most tooth is tending to develop yet another crest. The neck 
is fairly long, al- 
though the posterior 
cervical vertebree tend 
to shorten. 
Dinotherium (Gr. 
devvos, terrible) (Figs. 
200, 201), an extinct 
proboscidean whose 
remains have been 
found in the Miocene 
anaee liocen eof 
Europe and India, Fic. to9.—Head of Paleomastodon, restored. (From 
differs remarkably Se ara 
from the contemporary mastodons, mainly in its dentition, in 
that the teeth, which are more numerous than in proboscideans 
in general and have the normal vertical succession, have but two 
transverse crests.’ They are therefore the simplest of proboscidean 
molars. The upper tusks appear to be lacking, and, as we have 
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seen, the lower jaw with its contained tusks bends abruptly down- 
ward at the symphysis. There is evidence for the presence of a 
well developed trunk 
and the remainder of 
the skeleton is typi- 
cally proboscidean. 
The skull and the 
body and limbs have 
much the proportions 
of the American 
mastodon. A gigan- 
tic skeleton from the 
Roumanian Pliocene, 
Dinotherium gigantis- 
simum, exceeds the 
largest mastodon in 
stature. We can con- 
jecture little of the 
origin or of the habits 
of this form except 
that its food must 


have been of a very Fic. 200.—Skull of Dinotherium giganteum, Lower 
succulent. sort. Its Pliocene, Germany. _One-fifteenth natural size. (From 
6 ~ British Museum Guide to Elephants.) 

line must have di- 


verged from the main proboscidean stem very early, as even 
Paleomastodon is too far advanced to have given rise to it. 
It represents an aberrant side line of fairly long duration. 

Later Tertiary Mastodons.— 
There is considerable confusion as to 
the exact relationship of the various 
species of later Tertiary mastodons 
and their exact phylogeny is not yet 
clearly understood, so the classifica- 
tion here given is tentative and sub- 
ject to future revision. 

It seems most natural to group to- 
gether all of the four-tusked mastodons 
with the elongated lower jaw under 
( ee ee sate aa the name 7 etrabelodon (Gr. TeTpa-, 

four, Bédos, dart, ddovs, tooth), but a 


Osborn.) 


\ 
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Fic. 202.—Restoration of Tvilophodon. (From British Museum Guide to 
Elephants.) 


study of their molar teeth seems to show that at least two parallel 
evolutionary lines would be thus included, both of which from the 
trend of proboscidean evolution passed through a four-tusked stage. 
Classifying them in this way we recognize two principal genera, 
Trilophodon (Gr. tpt-, three, and Addos, crest) and Tetralophodon 
(Gr. tetpa-, four, and Addos, crest) in which the intermediate 
molars (milk molar 4, molars 1, 2) have three and four cross crests 
respectively. 

Trilophodon (Figs. 195, D, D’; 202) is the third stage in proboscid- 
ean evolution, if we omit Dznotherium, and is well represented 
by the Miocene Trilophodon angustidens of which a splendid speci- 
men from Gers, France, is preserved in the museum of the Jardin 
des Plantes at Paris (see Pl. XXII). It was an animal of con- 
siderable size, nearly as large as the Indian elephant, but differing 
from it in the enormously long lower jaw, which with its contained 
tusks had reached a mechanical limit of efficiency. The downward 


(a[nog Jossajorg Jo AsajinoD “sueg ‘sayuryg 
Sop Ulpief ay} Ul UOJDJaxs pajzuNow ay} Worg) ‘odoingy pue voy ‘QUIIOIPA, JAaMOT ‘suap2zy 


“snduD (uopojaqnajaT—=) uopoydoji4y, ‘uopoyseu paysny-snoy a4} JO uoJIPYS—]IXK aALvig 


PROBOSCIDEANS 597 


curved, enamel-banded upper tusks do not reach much beyond 
the limit of those of the lower jaw. The adult molars have at- 
tained such a size that but two can be contained in a jaw at any 
one time. Corre- 
lated with the great 
length of the jaws is 
a marked increase in 
the diploé of the 
skull. Trilophodon 
was a great migrant, 
for not only do we 

Fic. 203.—Head of Tetralophodon lulli. The lower find its remains in 
jaw, the longest recorded in any proboscidean, measures Europe and Africa 


at least 6 feet in length. About one-fortieth natural size. but it was the first 
(After Barbour, from Kunz.) 


proboscidean to reach 
North America and must have come by way of Asia early in 
Miocene time. Thereafter the Proboscidea formed an important 
element in the fauna of North America until the extinction of the 
American mastodon in post-Glacial time. Trilophodon productus is 
a well known Texan specimen from the Pliocene. 

The group known as Tetralophodon is also long-jawed, one Amer- 
ican form, Tetralophodon lulli (Fig. 203), from the Nebraska Plio- 
cene, possessing a mandible at least 6 feet in length and very heavily 
built, and the entire animal must have been ponderous. The type 
specimen, that of a very old animal, has but one badly worn molar 
left in each jaw. Tetralophodonts are numerous in both the Old 
and New World. In the latter they give rise to the next genus to 
be considered, Dibelodon. 

In Dibelodon (Gr. de, two, BéXos, dart) (Fig. 204) the molar teeth 
are similar and, because the intervening valleys are blocked by ad- 
ditional cusps, form, when worn, a rather intricate enamel pattern. 
It differs from the tetralophodont group, however, in the loss of 
its lower tusks and the consequent shortening of the jaw. The 
enamel band of the upper tusks also tends to disappear and in its 
final stage we have a form not unlike Mastodon itself except for 
the greater complication of its grinders. Dzbelodon is found wide- 
spread in the Pliocene of North America and, as far as we know, 
was almost the only proboscidean to reach South America, where 
it spread, one species along the Andean highland, another in the 
lower country to the east. The genus persisted into the Pleistocene 
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in the southern hemisphere, but in the north was replaced by Mas- 


todon. 
Mastodon (Gr. acres, breast, and 6dovs, tooth) (Figs. 195, C, C’; 


205, 206), the best known of American proboscideans, belongs in 


Fic. 204.—Skull of Dibelodon andium, Pleistocene, South America. (Modified from 


Burmeister.) 
reality to the trilophodont group, as its intermediate molars pos- 
sessed but three crests. They also lack the intervening cusps of 
Tetralophodon, so that the tooth is simpler in its appearance. The 
lower jaw is shortened in common with that of all later proboscid- 
eans, but as we have seen, vestigial and apparently functionless 
tusks may be present in some lower jaws, presumably those of 
males. The huge specimen, the so-called Warren mastodon, in the 


Fic. 205.—Skull of Mastodon americanus, Pleistocene, North America. (After 
Lull.) 


American Museum of Natural History, has one such tusk, while 
the Otisville specimen, a splendid young male mounted in the Yaie 
Museum, has none, nor is there any trace of a socket. The masto- 
don attained a height about equal to that of the Indian elephant, 


PROBOSCIDEANS 599 


Fic. 206.—Restoration of the American mastodon. (After Knight, from Osborn.) 


from 7 to 9 feet, but was much stockier and more robust in build, 
a feature especially noticeable in the breadth of the pelvis and the 
massiveness of the limb bones. The skull also differs from that of 
the true elephants in its lower, more primitive contour, and although 
there is a large development of air-cells in the cranial walls, the 
brain cavity is relatively larger. The upper tusks are comparable 
to those of the elephants in the absence of enamel. Their length 
may exceed g feet. There are but two adult molars in the jaws at 
any one time. 

The mastodons were Pliocene and Pleistocene in range, outliving 
the true elephants in North America. In geographical distribution 
they ranged from Europe across Asia to Alaska and thence south- 
ward throughout the United States. They seem to have been more 
exclusively forest-dwelling forms than the true elephants which 
were their contemporaries. Their remains have been found chiefly 
as a result of drainage excavations in the swamps and boggy lands 
where they were doubtless mired and thus preserved from decay. 
This is especially true in New York, Indiana, Ohio, Illinois, Michi- 
gan, and Iowa, where it is said that almost every bog contains a 
mastodon. The food consisted of twigs of hemlock, spruce and 
other evergreen trees, possibly other herbaceous vegetation as well, 
and one specimen found in Ulster County, New York, had pre- 
served with the bones a quantity of long, dense, shaggy hair of a 


dark golden brown color. 
True Elephants.—In order to trace the evolution of the true 
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Fic. 207.—Restoration of the imperial elephant, Elephas imperator, Lower Pleistocene, 
North America. (Modified from Osborn.) 


elephants one must go back to the Upper Miocene of southern In- 
dia, to the form known as Mastodon latidens. This creature gave 
rise to a species variously known as Mastodon elephantoides (i. e., 
elephant-like) or Stegodon (Gr. oréyev, to cover) clifti, for its 
transitional character is such that authorities differ as to whether 
it is a mastodon or an elephant. 

In Stegodon the molar teeth (see Fig. 195, B), have more numerous 
ridges than in the true mastodons and the name is given because of 
the roof-like character of these ridges, the summits of which are 
subdivided into five or six small, rounded prominences. There is a 
thin layer of cement over the enamel in an unworn tooth, but no 
great accumulation of it in the valleys, in contrast with the ele- 
phants. These teeth show how slight the transition is, however; 
add merely a filling of cement to bind the crests together and the 
elephant tooth is formed. True Stegodon remains have been found 
only in southern and southeastern Asia, which suggests that that 
region may have been the original home of the true elephants. 

The elephants have been sufficiently defined in the anatomical 
section of this chapter. Aside from the living forms, two species 
are peculiar to the European Pliocene and Pleistocene and two to 
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the North American, while a third, the hairy mammoth, Elephas 
(Gr. €dépas, elephant) primigenius, is common to both and to 
northern Asia as well. The European species were Elephas antiquus, 
the straight-tusked elephant, and Elephas meridionalis, the former 
being the more primitive and showing the closest affinity with the 
living African species Loxodonta. Both these and E. primigenius 
were contemporaries of early man in Europe during the Glacial 
period. The American species are, first, E. imperator (Fig. 207), 
the larger, so-called southern or imperial mammoth or elephant, as 
its remains are found in Mexico, whence it ranged into Texas, 
California, and as far north as Nebraska. A single molar tooth 
described from British Guiana seems to pertain to this elephant; 
if so, it is the only other species of proboscidean, aside from the 
genus Dibelodon, recorded from the southern continent. The mo- 
lars of the imperial elephant are distinctive in that the crests are 
relatively few and the surrounding cement very thick. 

The second American species is Elephas columbi, the Columbian 
elephant, a successor of imperator, distinguished by its lesser stat- 
ure and more numerous crests to the teeth. Each of the American 
species seems to have been characterized by the extreme spiral form 
of the tusks which in old age actually crossed at the tip so that 
their primal function of digging was utterly lost, nor were they 
efficient weapons of offense or defense. They have been cited as 
instances of evolutionary momentum, if such a thing exists, and 
certainly, so far as we can see, were detrimental to their owner 
rather than otherwise. . columbi is widespread throughout the 
United States up to the limits of the range of EL. primigenius, which 
replaced it in the north. The distinction between the two species, 
however, is not always clear and there may have been transitional 
forms. 

Elephas primigenius (Fig. 208) is the hairy or woolly mammoth, 
the mammoth of popular knowledge. It was a near relative of the 
living Asiatic elephant, but adapted to withstand the cold of the 
Arctic climate. This adaptation lay in the development of a coat 
of coarse, long, black hair with a thick coat of brown wool beneath. 
It was circumpolar in its range, being found in great abundance 
along the shores of the Arctic Ocean but extending southward into 
Spain and Italy in Europe and as far as North Carolina and Cali- 
fornia in the New World. The famous frozen specimens of the 
Siberian tundras, that of the Lena delta found in 1799, and that of 
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Fic. 208.—Restoration of the woolly mammoth, Elephas primigenius, 
Pleistocene, Eurasia and North America. (After Knight.) 


Beresovka in 1901 now mounted in the Petrograd Museum, have 
been described in Chapter XXV. According to Matthew, the 
contents of the stomach show that these animals fed upon the same 
vegetation, grasses and sedges, birches, alders, poplars, etc., that 
prevails to-day in the far north. They must have been very numer- 
ous, as their tusks constitute one-half of the commercial ivory 
annually available and represent thus far a herd of no fewer than 
40,000 individuals—not of course those living at any one time, but 
the accumulation of centuries. 

That the mammoth was a familiar animal to prehistoric man is 
atested by the numerous drawings of them made by the artists of 
the Upper Paleolithic age on the walls of caverns. The teeth 
of the mammoth reached a maximum degree of complexity, doubt- 
less an adaptation to the harsh vegetation of the north. Their 
tusks were of two sorts, one shorter and straighter, the other 
a long spiral rivalling the tusks of the Columbian elephant. In 
size the mammoth, despite its name, was not great, as it rarely 
if ever exceeded the stature of the Indian elephant of to-day. 

Living Elephants.—There are but two well defined species of 

-elephants extant and these are reaching the natural limits of their 
racial life. They are, first, the Indian or Asiatic elephant, Elephas 
indicus or maximus (Pl. XXIII, B) which inhabits the forest regions 
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of southwest and northeast India, Ceylon, Burma, Assam, Siam, 
Cochin China, Sumatra, and Borneo. During the hot season they 
are confined to the denser parts of the forest, generally near water, 
while during the rainy season they 
range into the open, feeding on the 
tender grasses. 

The African elephant, Loxodonta 
(Gr. Aog€es, slanting) africana (PI. 
XXITI, A) is distinguished by its 
greater size, enormous ears, lower 
forehead, and larger tusks, also by 
the character of its grinding teeth 
(see Fig. 209). It is confined to the 
wooded districts of Africa south of 
the Sahara and north of the Cunene 
and Zambesi rivers, but in many 
districts it is becoming extremely 

4 at fi , Scarce owing to the persecution of 
gene Moles font raters of the ivory hunters, for its ivory is 
ricana, and (B) Asiatic elephant, Ele- Of a finer quality as well as being 
phas indicus. (From British Museum yore abundant than that of the 
Guide to Elephants.) 5 

Indian species. Lucas tells us that 
in the course of a few years not a single old individual will be left 
alive, and unless they are protected by law they are doomed to a 
speedy extinction. The African elephant is rarely tamed, al- 
though it may be fully as tractable as its relative. A number of 
subspecies of African elephants have been described, most of 
which are geographical races differing mainly in the form and 
proportions of their ears. (See also “ Jumbo,” Pl. XXT.) 
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CHAPTER XXXV 
Horses 


The evolution of the horse has for humanity a very deep interest 
because of the debt of gratitude which man owes to this humble 
servitor and comrade and because of the fact that, largely through 
the unwearying efforts of Professor Marsh of Yale University, a 
collection of fossil horses was there assembled which was to prove 
the first documentary record of the evolution of a race. As such 
it still remains absolutely unique. This classic collection was 
studied by Huxley, who pronounced it conclusive evidence in favor 
of evolution. Darwin was so impressed with its importance that he 
would have visited it had his health permitted, but he died with- 
out having seen such a culminating proof of’ the theory of evolu- 
tion. 


Equine Adaptations 


The adaptations undergone by the horse are in their last analysis 
reducible to two things, the perfection of the mechanism for food- 
getting and of that for speed, which constitutes the principal means 
of defense; and the influence upon the creature of these two groups 
of modification is so great that the entire body shows specialization 
and we can not, as in the elephants or in the human body, point to 
a number of primitive characteristics with a veneer of specializa- 
tion along certain narrow lines. Hence we may dismiss the con- 
sideration of archaic features in the horse and pass at once to its 
specializations. 

Bodily Contour.—Many of the equine adaptations have been 
referred to in Chapter XIX; it is only necessary to summarize them 
with exclusive reference to the horse. In order to reduce air re- 
sistance the body, neck, and head are smoothly rounded, with no 
needless excrescences and with perfect symmetry of form, so that a 
running horse with head extended and ears laid back conforms to 
the “‘numerical”’ or stream-lines almost as perfectly as does a bird 
or even a fish. This same symmetry is seen in the limbs, long and 
slender distally, and with the powerful muscles bunched at shoulder 
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and thigh where they blend more or less with the contour of the 
body, the force being transmitted to the feet by long slender ten- 
dons. This concentration of the weight high on the legs, as we 
have seen, quickens their rate of movement without diminishing 
the length of stride. 

Limbs and Feet.—The limbs themselves have departed widely 
from the ancient plantigrade gait of their primal ancestry and are 
unguligrade in that only the tip of the single toe, encased in its 
modified nail, is in contact with the ground; the wrist, the so-called 
fore knee, and the ankle, the hock, being raised far above the 
medium of support. Thus the lengthening of the distal limb seg- 
ments is obtained not only by the actual elongation of the bones 
themselves but also by their posture. The reduction of digits is 
also manifest, the horse being one of the few mammals which ever 
attained monodactyly, although the equivalent reduction in the 
artiodactyl or even-toed foot to the irreducible minimum of two 
has been several times acquired. 

This diminution of digits carries with it a corresponding reduc- 
tion of the second bone of the lower segment of each limb, that is, 
the ulna of the fore arm and the fibula of the lower leg. In the 
former case, especially, this means a loss of universal motion, for 
it is only by the combined action of both radius and ulna that the 
rotary movement of the hand upon the arm is effected. Only the 
proximal third of the ulna, which forms the greater portion of the 
elbow joint, is retained. All of the limb joints with the exception 
of the hip and shoulder are of the tongue and groove variety, their 
motion being thereby limited to the fore-and-aft plane. Within 
the limits thus imposed, however, the range of movement is very 
great. The shoulder girdle is reduced, as in all cursorial types, in 
that the clavicle or collar-bone has disappeared and there is no 
real articulation left between the shoulder blade and the remainder 
of the skeleton. This also permits great freedom of motion in the 
limited plane. 

Lengthening of limbs implies a coédrdinate elongation of the 
neck and skull in contrast with the lack of such modification in 
the elephant. In general there is in a cursorial form a recognizable 
“speed index,” as indicated by the ratio of length to diameter in 
the limb-bones; and not only does this ratio hold for each of the 
several bones concerned in locomotion, but it may also be seen in 
the skull, vertebrx, ribs, and other skeletal elements as well. The 
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hoof which terminates the single remaining digit is a marvel of 
perfection; strong, of the right degree of growth to offset a normal 
wear, and with the shock-absorbing cushion or frog to guard the 
system from the great concussion produced by the impact of the 
foot with the ground at high speed. The perfection of the foot 
and limb to withstand such a shock is illustrated by the jumper 
“Heatherbloom,”’ a horse which held a record of 8 feet 2 inches, 
in which the entire weight of the animal, coming from such a height, 
was repeatedly received on what is equivalent to the middle 
finger or the two hands. That the limit of such evolution has 
practically been reached, however, is evident from the fact that 
many a fine horse has been destroyed merely because a rutted road 
caused the fracture of a single bone strained beyond endurance. 
Bone is a wonderfully efficient material and it is utilized in what 
is mechanically the very best possible way to produce results, but 
with a very close margin of safety. It is this last fact that makes 
further speed adaptation for so large an animal virtually impossible. 

Skull.—The skull is characterized by a large and well developed 
brain-case, orbits completely surrounded by bone, and an elon- 
gated face, the purpose of which is twofold, first the raising of the 
eyes as far above the ground as possible while grazing in order to 
increase the range of vision, so essential for safety’s sake, and 
second to allow room for the development of the deep-crowned 
grazing teeth. The elongation of the jaws separates without re- 
duction in their numbers those teeth which are concerned with 
the prehension of food—the incisors—from those whose function 
is that of mastication—the premolars and molars. Incidentally 
the gap or diastema thus produced forms a convenient place for 
the bit and thus aids in the subjugation of the creature, but this 
was hardly nature’s purpose in its production. 

Teeth.—There is a tendency toward tooth reduction, as the 
anterior premolar, the so-called “wolf tooth,” which although one 
of the premolar series is unchanged, is rarely present. Then, too, 
the tusks or canines are rarely developed in the female, although 
the normal male always possesses them. Sex characters are so 
rarely distinguishable among fossil forms that the lower jaw of a 
Miocene horse (Merychippus) in the Yale collection, in which there 
is absolutely no trace of canines, was at once hailed by its discoverer 
as that of a mare. 

The incisors or cropping teeth are long-crowned and are, with 


Fic. 210.—Dental battery of adult horse. A, five years old, permanent 
teeth all in use. B, eight years old, crowns reduced in length by wear and 
roots grow longer; vestigial first upper premolar (‘‘wolf tooth’’) present. C, 
thirty-nine years old, lower molars incline forward, canines absent (female). 
(After Chubb.) 
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the single exception of Macrauchenia, a 
peculiar ungulate of the South American 
Pleistocene, unique in possessing a pit- 
like depression in the grinding face. 
This pit, which is worn away with use, 
is one of the best criteria of its possessor’s 
age. 

The three molars and three preceding 
premolars of each jaw have become 
deep-crowned, hypsodont, grinding teeth, 
having the form of slightly curved prisms 
strengthened by three buttresses on their 
outer, convex face. The teeth are com- 
posed of the three materials which char- 
acterize the elephant’s tooth—dentine, 
enamel, and cement—elaborately inter- 
woven when seen in cross-section. As 
these substances differ markedly in hard- 
ness, differential wear produces a char- 
acteristic “pattern” of the more resistent 
enamel upon the wearing surface. Fora 
while the teeth continue to grow, extend- 
ing deeper and deeper into the jaw and 
at the same time moving slowly outward 
to compensate for wear. Finally, at 
about five and a half years of age, the 
dimensional limit of the jaw is practically 
reached, which of course makes further 
growth of the tooth impossible. Then 
the roots are formed and the tooth is 
completed. The outward movement, 
however, still continues, cancellous bony 
tissue filling the gradually vacated socket 
until the tooth is so nearly consumed as 
to be of no further service, when it is 
shed. The rate of growth and the out- 
ward movement are in absolute accord 
with the normal rate of wear and the 
entire tooth is nicely calculated to last 
throughout the potential lifetime of the 
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Fic. 211.—Wearing surface 
of upper grinding teeth of horse, 
Equus caballus. A, worn surface 
of milk molar of colt about six 
months old: e, exposed enamel 
ridges; 7, natural cavity in ce- 
ment. B, unworn surface of 
milk molar of colt three months 
before birth: d, cul-de-sac to be 
filled later with cement; e, en- 
amel. C, premolar of horse 
eight or nine years old. Nat- 
ural size. (After Chubb.) 
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animal, about thirty-four years. With its final consumption mal- 
nutrition results, which, coupled with other evidences of senility, 
summons the horse to its final rest. (See Figs. 210 and 211.) 

Size.—Another equine characteristic is size, for aside from the 
elephants, rhinoceroses, and hippopotamuses, the herse compares 
favorably with any terrestrial animal, being equalled only by the 
larger bovines, the cattle, buffalo, and bison. This is of course 
especially true of certain domestic strains such as the Percheron 
horses, some of which reach a shoulder height of 19 hands or 76 
inches and a weight of over 2,400 pounds. On the other hand, 
the Shetland ponies are reduced in physical dimensions, largely 
due to the harsh, restricted conditions of their island home, but 
aided by selective breeding. The following comparative measure- 
ments are given by Chubb for two animals the skeletons of which 
he has most admirably mounted in the American Museum of 
Natural History: 


Giant draft horse Shetland pony 


Height at shoulders 6 ft. 1 in. (184 hands) 2 ft. 92 in. (8 hands) 
Weight in life 2370 lbs. 170 lbs. 

Bulk of humerus 118? cu. in. 93 cu. in. 

Bulk of femur - 188 cu. in. 13% Cu. in. 


Brain and Mentality.—The brain is not only of considerable 
size but is of a relatively high type compared with those of other 
mammals, and is richly convoluted. The intelligence of the horse 
is great but not equal to that of the elephant. As compared with 
the cattle, on the other hand, the horse is much the more intelligent 
and is able to keep out of trouble and care for itself under trying 
conditions which prove fatal to the former. The docility of the 
horse and its ability to learn not only from its master but also from 
experience are notable. On the other hand, it is emotional and its 
psychology is largely linked up with its normal mode of defense— 
flight—for the first impulse of a domestic horse upon seeing any 
incomprehensible thing is to run away, sometimes to its own and 
its owner’s destruction. In the wild state this same impulse is of 
the greatest possible value as a means of survival. 

Senses.—All three of the major senses, sight, hearing, and smell, 
are well developed; of the three, hearing is perhaps of the least 
importance to a plains-dwelling creature, just as sight is to one 
which is forest bred. 
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Evolutionary Summary.—Briefly stated, the evolutionary 
changes which the anatomy of the horse would lead us to predict 
are: 

Increase in size. 

Lengthening of the limbs. 

Reduction of ulna and fibula, with a consequent limitation of the 
range of movement. 

Change of the foot posture from eae to unguligrade. 

Reduction and loss of digits from five to one. 

Perfection of the hoof. 

Perfection of the dental battery in elongation and complexity 
of teeth. 

Premolars becoming molariform. 

That these changes are all recorded in the paleontological record 
is conclusive proof of equine evolution. 


Paleontology of the Horse 


Place of Origin.—We have spoken of the simultaneous appear- 
ance of the modernized mammals in the Old and New Worlds, and 
the consequent belief in their origin in some contiguous land-mass 
which we have designated as boreal Holarctica. What is true of the 
modernized mammals in general is true of the horses in particular, 
although as yet it is incapable of actual demonstration. The Lon- 
don Clay, however, an Eocene formation of Europe, has produced 
Hvracotherium, the Old World’s most ancient known equine, while 
in the Wasatch rocks of western North America, of nearly equiva- 
lent age, the earliest American genus, EHohippus, has been found. 
These two genera are very much alike, but the premolar teeth of 
Hyracotherium, especially the second one of the upper jaw, are more 
simple than in Eohippus, thus stamping the Old World type as the 
most primitive horse-like form known. 

Horses are found from time to time in Europe and Asia as one 
ascends the geologic column, but the sequence does not seem to be 
continuous as it is in North America. Hence the inference, first 
clearly brought to Huxley through the study of the Yale series, 
that North America was the real theater of equine evolution, 
while the Old World horses were merely the relics of genera which 
migrated thence from time to time as barriers to dispersal were 
temporarily removed. The earlier of these migrations, while in- 
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teresting, are unimportant from the standpoint of the evolutionary 
continuity; had it not been, however, for the final Pliocene migra- 
tion of the horses to the great Asiatic 

continent within whose fastnesses they 

found asylum, their inexplicable extinc- 

tion in the New World during the Pleis- 

a tocene would have closed the book of 
their progress forever, and we would see 

ase teey a) Mine Aue tape ca sCo04 only as our paleontologic vision is 
toed horse, Eohippus, Lower able to pierce the gloomy curtain of the 
Eocene, North America. (After geologic past. 
ie Eocene.—Several generic names have 
been applied to the Eocene horses of which EHohippus, the dawn 
horse, and Orohippus, the mountain horse, are the best known 
American forms. The first comes from the 
Lower Eocene (Wasatch) formation, and the- 
latter succeeds it in the Middle Eocene Bridger 
beds. Both are from Wyoming and New 
Mexico. 

The Eocene was a time of warm, moist cli- 
mate, during which North America was clothed 
with a luxuriant vegetation, forests in which 
grew both evergreen and deciduous trees of a 
distinctly modern character, and, beside ‘the te eee 
numerous streams and lakes, sedgy meadows hippus. One-fourth 
which in turn gave rise to grassy plains. Such natural size. (After 
was the environment of the first known horses emerge Aceter) 
which were already somewhat advanced toward their evolution- 
ary goal. 

Eohippus (Figs. 212-214) was a small but graceful creature, 

about 12 inches or 3 hands in 
height at -the withers, with 
arched back, short head and 

Fic. 214.—Upper teeth of LHohippus. neck, limbs of moderate length, 
Short-crowned, no cement, premolars sim- and showing in the digitigrade 
pler and smaller than molars. Natural size. character of the feet the begin- 
(After Matthew.) ¥ i 5 

nings of cursorial adaptation. 
In fact, the general proportions are much those of a dog such 
as the fox terrier or the whippet. The hand bore four com- 
plete toes, each terminating in a hoof-like nail, while the foot 
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had but three, although a splint-like remnant of a fourth is present 
and, in at least one specimen, the tiny splint-like vestige of the fifth 
is also seen. The advance of evolutionary progress shown by the 
foot over the hand is interesting, for it shows the foot to have been 
the main propelling organ and therefore the first to feel the influence 
of cursorial adaptation and it also shows the reluctant relinquish- 
ment of general utility for mere propulsion on the part of the hand. 
There is as yet no reduction of the 
ulna nor of the fibula. The denti- 
tion is also advancing in that the 
molars already begin to foreshadow 
their future complication. The 
originally separate cusps are fusing 
into cross crests and the hinder 
premolar is becoming molariform. 

In Orohippus (Fig. 215) a further 
advance is indicated by the loss of ; 
the splint of the fifth digit of the ,, gaan, Raise ie ee 
foot, the shortening of the outer Wyoming. (After Lull.) 
finger of the hand, the perfection of 
the molar-like character of the fourth or hindermost premolar, and 
the beginning of the molariform change in the third. Epihippus, 
from the Upper Eocene Uinta formation, goes yet further in that the 
third and fourth premolars are molariform and the second begins 
to be so modified. The digits of the hand are still four and those 
of the foot three, but the middle digit of each begins to be the 
dominant one. There is on the part of the Eocene horses a gradual 
increase in size, the type skeleton of Orohippus mounted at Yale 
measuring 13% inches in height; Lpihippus was still larger, but the 
complete skeleton thereof is as yet unknown. 

The known range of Eocene horses from Europe to New Mexico 
speaks for their migratory powers, always a characteristic of the 
equine hordes. 

Oligocene.—The Oligocene was a time of increased aridity due 
in large part to continental uplift, and while much the same con- 
ditions prevailed as in the Eocene, there was a consequent dwind- 
ling of streams and lakes which gave impetus to the development of 
broad meadow lands and of true prairie as well. Thus there were 
three conditions—woodland, meadows, and dry prairie—which 
seem to have given rise to several parallel lines of equine evolution, 
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some of which terminated, being overcome in the struggle for 
existence, while others flourished and gave rise to the horses of the 
Miocene. 

But two genera of Oligocene horses are recognized, Mesohippus 
and Miohippus, the form- 
er one Lower and Middle 
Oligocene, the latter con- 
fined to the Upper Oli- 
gocene. Mesohippus 
(Figs. 216-218), which 
had attained the size of a 
prairie wolf, had three 
functional digits in both 
hand and foot, although 
a rather long splint bone 

Fic. 216.—Restoration of three-toed horse, Meso- represented the fifth digit 
hippus, Middle Oligocene, North America. (After jin the former. The mid- 
on dle toe in each instance 
was much the largest and the lateral ones in consequence bore less 
of the creature’s weight. Mesohippus bairdi, the best known form, 
averaged about 18 inches or 4% hands in 
height and was a slender-limbed creature, 
very well adapted for speed. Mesohippus in- 
termedius was larger, fully the size of a sheep, 
averaging 24 inches or 6 hands in height, and 
was in some ways unprogressive, which, to- 
gether with the conditions under which it 
is found, may be taken as indicative of a con- 
servative forest-dwelling form in contrast with 
the progressive plains-living type. In all Oli- 
gocene horses the premolar teeth, with the ex- 
ception of the small, simple, first premolar, are 
fully molariform. 

Miocene.—The Miocene was a time of 
great continental elevation and witnessed a fy. 217—Hand (A) 
wide expansion of our western prairies and and foot (B) of Mesohip- 
a further diminution of the forest-clad areas, ?¥°: One-fourth natural 

? Y size. (After Marsh.) 
As a consequence, many browsing animals, 
well fitted for survival under former conditions, could not endure 
the change and perished, but the grazing types, horses, camels, 


* 
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Fic. 218.—Upper teeth of Mesohippus. Short-crowned, no 
cement, second, third, and fourth premolars like molars. Natural 
size. (After Matthew.) 


deer, and antelope, adapting them- 
selves to the new conditions, throve 
and spread amazingly and became 
the dominant forms of mammalian 
life. 

The Miocene horses were several, 
representing at least three lines of 
adaptation, two of which, Merychip- 
pus and Hipparion, were to survive, 
while another, Hypohippus, was 
doomed to speedy extinction. Hy- 
pohippus (Fig. 219) known as the 
“forest horse,” had broad, low- 
crowned teeth fitted only for brows- 
ing on succulent herbage. The feet 
were three-toed, which was equally 
true of all Miocene horses, but 
were distinctive in their broad 
spreading character, with well de- 
veloped lateral hoofs as though 
adapted, like the living caribou, to 
a soft yielding ground rather than 
hard prairie soil. In the hand, ves- 
tiges of the first and fifth digits may 
yet be seen as small nodules of bone 
at the back of the wrist. Thus in 
spite of its having attained the size 
of a pony, 4o inches or so in height, 


: A Fic. 219.—Hand (A) and foot (B) of 
the creature was otherwise persist- browsing horse, Hypohippus equinus. 


ently primitive and did not long Miocene, North America. One-fourth 
continue to exist. A huge form, 24tural size. (After Lull.) 
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Hypohippus matthewi, lately described from Nebraska, greatly ex- 
ceeded the more typical Hypohippus equinus in size. 

Merychippus (Figs. 220, 221) is of especial interest in that it 
marks the transition from the horse-like 
forms with short-crowned, uncemented 
teeth (hyracotheres) to the true horses 
whose long-crowned, fully cemented 
grinders are suited to the harsh vegeta- 
tion of the plains. In Merychippus the 
milk teeth are short-crowned and have 
little or no cement and are thus remi- 
niscent of its ancestry, while the perma- 
nent teeth are intermediate in length of 
crown and quite heavily cemented and 

Fic. 220.—Upper premolar are thus prophetic of the future. This 
is of Merychippus, Upper is one of the most remarkable instances 

iocene, North America. A, _ A é 
uncemented milk teeth; B, ce- Of the ontogenetic evidence of evolution 
mented permanent teeth. (After seen among the horses. 
pall) Merychippus is three-toed, in some 
instances with vestiges of the outermost digits of the hand. The 
lateral toes vary somewhat in the different species, though never 
reaching the ground, so that while structurally three-toed, the feet 


Fic. 221.—Restoration of the Miocene prairie horse, Merychippus. 
(After Lull.) 
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are functionally one-toed. The skull of this genus is the first in 
which the hinder border of the orbit is completed by sending down- 
ward a bony bar to join the zygomatic arch. 

Protohippus and Pliohippus (Figs. 222, 223) of the Upper Miocene 


and Pliocene are two closely related 
genera, in fact the distinction between 
them is not always clear. It may suffice 
to say that Protohippus represents a form 
derived from ALerychippus but differing 
in that the milk as well as the permanent 
teeth are moderately long-crowned and 
cemented, and in that the hand-and foot 
still bear three toes, while in Pliohippus 
we have the first one-toed horse. Pliohip- 
pus is also characterized by having a pe- 
culiar pit or depression in front of the 
orbit which may have lodged a scent 
gland like the larmier of deer and doubt- 
less of similar function. Pliohippus had 
a shoulder height of some 4o inches or 10 
hands. 

Yet another Miocene horse was Hip- 
parion (Figs. 224, 225), closely related 
to the two preceding genera, from the 
former of which it is sometimes difficult 
to distinguish it. The following diagnostic 
characteristics are based upon a skeleton 
of Hipparion whitney: from South Dakota, 
preserved in the American Museum. 
“This species, except for the very large 
head, had the graceful and slender pro- 
portions of the antelopes, but in Proto- 
hippus and especially in Pliohippus the 
skeleton approached more nearly the 
stockier proportions of the modern horses. 


Fic. 222—Hand (A) and 
foot (B) of the first one-toed 
horse, Pliohippus pernix, Plio- 
cene, Nebraska. One-fourth 
natural size. (After Lull.) 


The Hipparion whitneyt 


is regarded by Professor Osborn as fitted to live in a semi-desert 
country, and in contrast to the Hypohippus, is called the ‘three- 
toed desert horse’”’ (Matthew). The argument for this belief is 
seen in the highly perfected teeth, the pattern of whose enamel is in 
some instances more complexly infolded than in any other horse, 


618 ORGANIC EVOLUTION 


Fic. 223.—Restoration of the first one-toed horse, Pliohippus. (After Lull.) 


doubtless an adaptation to the harshest of herbage. The splendid 
fleetness which the skeleton implies is corroborative evidence. 

Hipparion is another world migrant, as its remains are found not 
only in Colorado, Nebraska, and South Dakota in great abundance, 
but even in far-off Greece where in Lower Pliocene rocks of Pikermi 
near Athens they are entombed. Hipparion whitneyi reached 
a height of 4o inches or 10 hands, while Hipparion gracilis of Pikermi 
stood 44 inches at the shoulder. 

Pliocene.—Pliocene time was one of great unrest; conditions 
were becoming more and more severe, prophetic of the Glacial 
period, new land-bridges arose where none had existed for ages, 
and we find great consequent faunal interchanges recorded. It is 
not remarkable therefore that Hipparion reached the Old World 
just as the true elephants made their first appearance in the New. 

Another notable Pliocene event was the appearance for the first 
time in geological history of true horses in South America, whither 
they went in company with the dibelodont mastodons. The South 
American Pliocene horse was Hippidion (Fig. 226), evidently a 
derivative of Protohippus but differing in having short, stout rather 
than slender, one-toed feet. The teeth are like those of Pliohippus, 
but the skull differs remarkably in the extremely long, slender nasal 


(uunasnyyy A}ISIOA 


UA) FIBA oY} Ul UOJJays pazuNoW oy} WoIy) “sexET, ‘U2BOJSI}q “OUl| Areuonnjoas 


uvoTaWY ay} JO ISP] YI ‘277098 subg ‘es10Y pe0y-9Uo ay} JO UOJPPAS— ATXX aLvId 


HORSES 619 


bones which, together with the great size of the head, must have 
given the creature a very peculiar cast of countenance. Hippidion, 
which had attained a stature of 12!4 hands, lingered into the 
Pleistocene, where it became Ono- 
hippidion, a creature but recently 
extinct if one may judge from the 
fresh-looking horny hoofs preserved 
in certain Patagonian caves. 

The modern horse first appears 
in the Upper Pliocene beds of 
Eurasia and North America and 
represents the culmination of the 
race. The feet are one-toed, but 
with well developed splints of the 
second and fourth digits still re- 
maining. In some individuals these 
dre fused with the cannon-bone; in 
others they are free. The teeth are 
long columnar structures of intri- 
cate enamel pattern, admirably 
adapted to their owner’s needs, 
and the animal has attained the 
maximum stature consistent with 
fleetness. 

Pleistocene.—A number of ex- 
tinct species of Equus are recorded, 
principally from the Pleistocene of 
both North and South America and 
the Old World. Of these the best 
known is Scott’s horse, Equus 
scolti (Fig. 227), from the staked 
plains (Llano Estacado) of Texas. 

This species, of which a number of ¢¢ PRGA lacie eee oe sae 
perfect specimens have been found, rion, Pliocene, North America and the 
was discovered at Rock Creek, ae iG THEE SETS 0. 
Texas, in 1899 by an expedition Ce 

from the American Museum of Natural History. Thirteen years 
later a party from Yale reopened the quarry and secured several 
more specimens, one of which (Pl. XXIV) is now mounted in 
the Yale Museum. It is of an animal about 15 hands in height, 
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having somewhat the proportions of a western broncho, but with a 
very large head and with teeth greater than those of a modern 
dray horse, although very similar in pattern. Horses of this or 
related species, some smaller, others larger, are 

(SSS extraordinarily abundant wherever the earlier 
Ly Pleistocene deposits are found in North America 

<\ and they evidently survived the first glacial 
NaS. advance, but shortly afterward, why we can not 
pr tell, they became extinct not only in North but in 

Fic. 225.—Upper South America as well. This apparently was also 
tooth of Hipparion. true of Europe but in Asia and Africa the race 
aaa found sanctuary, otherwise the horse would be 
included with the mastodons, ground-sloths, saber- 

tooth cats, and a host of other splendid creatures among the 
totally extinct. Glacial conditions alone seem inadequate to 
account for this great tragedy, for not only did the hand of 
death bear heavily upon the equine herds within the limits of 
the ice belt, but far beyond, to the uttermost confines of the 
western hemisphere. That no permanent change of environment 


Fic. 226.—Restoration of the one-toed Pampas horse, Hippidion, Pleistocene, 
Argentina. (After Scott.) 


occurred to render the earth unsuitable for these creatures is 
evident from the amazing way in which the few imported horses 
liberated by the Spanish Conquistadores multiplied and spread, 
giving rise to the great herds of wild mustangs in both North and 
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Fic. 227.—Restoration of Equus scolti. (After Lull.) 


South America. We look naturally therefore for some other cause 
of extinction and the one of all theories that seems most plausible 
is the bringing in by migrating animals of insect-transmitted 
disease, such as the sleeping sickness of Africa or the Surra disease 
which attacks domestic horses in India. A further discussion of this 
problem has been given in Chapter XVII on parasitism and de- 
.generacy. So far as we know now such an extinction cause is in- 
capable of proof, unless it shall be found that these diseases produce 
a recorded change upon the bones themselves, for of course the soft 
anatomy of fossil horses is utterly beyond our reach for direct study. 

Living Horses.—Several species of horse-like animals are yet 
alive in their wild condition in Asia and Africa, all of those of Europe 
and the Americas being either domesticated or feral, that is, of 
domestic ancestry. Of the true horses but one wild type remains, 
the Mongolian or Prejvalski horse, the tarpan of the Gobi Desert 
of central Asia and the neighboring regions. It is a small animal, 
standing but 12 hands, of a yellow dun or “buckskin”’ color, with 
black mane,. tail, and legs, and a white muzzle. There is no fore- 
lock, the mane is short and upright, and there is a decided beard 
beneath the relatively large head. 

At least three other primitive types of true horses are living under 
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the fostering care of mankind, and these or an admixture of them 
constitute our various domestic breeds. Of them the first is the 
Celtic pony—pale buff, mouse gray, or even brown, with a large 
forelock and tuft beneath the jaw, a light colored mane and tail, 
but with a certain admixture of black hairs. There is long bushy 
hair at the base of the tail. This horse is also characterized by a 
short face, broad forehead, slender legs, and small hoofs, and is 
found from Iceland to western Norway. 

The second form is the Norse yellow dun or forest pony, related 
evidently to the Mongolian horse, but larger, stockier, and with 
fuller mane and tail. In some cases there is a dark stripe down the 
back and traces of barring on the legs. The face is longer and the 
hoofs relatively larger than in the Celtic horse. The Norse pony 
is the main ancestral stock for the ordinary domestic horses of 
northwestern Europe. The changes may be due to domestication 
or to the infusion of Arab blood. 

The last great type is the southern horse or ie. the Arab or 
thoroughbred, Equus africanus. ‘The color of this creature is bay, 
sometimes gray, with black points and often with a white star on 
the forehead and one or more white legs. It has a small head and 
slender, graceful limbs and possesses great docility and spirit. 

Nearest the true horse comes the kiang, Equus hermonius, of 
central Mongolia and Turkestan. This creature is not an ass 
although ass-like in many ways. It stands 121% hands, the ears 
are horse-like and the hoofs broad, especially in front. The tail 
tuft is large and there is the rudiment of a forelock. In winter the 
color is grayish, in summer chestnut, with no striping. 

The zebras are exclusively African and are of course characterized 
by a very conspicuous striping when seen out of their natural sur- 
roundings. They are, nevertheless, generally reported to be pro- 
tectively colored when in their appropriate habitat, although this 
is a subject upon which Colonel Roosevelt has much to say, as he 
believes that the theory of protective coloration has been consid- 
erably overdrawn (African Game Trails, Appendix). There are 
two well defined species of zebra living, while a third, the quagga, is 
so recently extinct that mounted skins may yet be seen in certain 
museums. The plains or Burchell’s zebra is somewhat variable in 
the coloring but always lacks the cross-striped rump, the so-called 
“gridiron” of the true or mountain zebra. The former is still nu- 
merous, in fact it is said to be the second big game animal of the 
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world in point of numbers. The mountain zebra, on the other hand, 
is becoming so rare that it is protected by law. It is more nearly 
related to the ass and has longer ears, narrower hoofs and a scantier 
tail tuft than the Burchell species. 

The ass, Equus asinus, is domesticated the world over, in fact its 
subjugation by mankind long antedates that of the horse. Asses 
are still wild in the tropics of Africa and are gray at all seasons, 
with a dark back stripe. When wild the size is medium to large, 
ranging from 11 to 121% hands at the shoulder. The hoofs are 
small and narrow and the fore pair are no larger than the hinder 
ones. There are two varieties, the Nubian ass, which has a trans- 
verse shoulder stripe, and that of Somali, which lacks the shoulder 
stripe but has barring on the legs. The domestic variety is typical 
of the Nubian form. 


Horses and Man 


Mankind owes a profound debt of gratitude to the horse, first 
in savage days as an easily obtainable food, later as a partner in his 
labors without whose aid human progress toward a higher civiliza- 
tion would have been retarded immeasurably. It has been thought 
by some that the condition of semi-barbarism of the North Ameri- 
can Indians, really a race of great potentiality, was in part due to 
the premature extinction of the American horses. 

There is no record of the association of man and the extinct 
horses of America, but during prehistoric times in Europe, before 
the extinction of the mammoth, we find records of the association 
of the horse and man in the form of mural decorations on the walls 
of caverns. It is interesting to note that at least three types of 
horses are shown by the Paleolithic artists: one a small-headed form 
resembling in this regard the Arab of today, another large-headed, 
with the erect mane and beard typical of the living Prejvalski 
horse, and a third which in contour closely resembles the Norse or 
forest pony. The presence of bridle-like markings on the head of 
one horse has been taken as an indication of domestication on the 
part of the prehistoric peoples. One finds, however, no trace of 
a drawing of a man on horseback or other use of the animal as a 
beast of burden and the idea has been advanced that possibly be- 
cause of its extreme docility it may have been occasionally easier 
to lead home a captured horse to the slaughter than to carry home 


the meat. 
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One of the most remarkable prehistoric encampments, not in 
caves but in the open air, is at Solutré in Saéne-et-Loire, France. 
Here there was a fine southern exposure sheltered on the north by 
a steep ridge. Encircling the south side was a kind of protective 
wall formed almost entirely of the bones of horses to the estimated 
number of 80,000 individuals! Such a wholesale slaughter of 
course extended over a long period of time, but might readily have 
been an important factor in local extermination when aided by the 
weakening effects of disease. 
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CHAPTER XXXVI 
CAMELS 


The camels are another group of animals whose phylogeny has 
been very clearly demonstrated by the fossil evidence, the perfec- 
tion of the record being second only to that of the horses. Add to 
this the fact that they are throughout almost their entire evolution- 
ary career exclusively North American forms, and their title to 
a high place in our interest is complete. 

Place in Nature.—As the horses were representatives of the 
Perissodactyla or odd-toed ungulates, so the camels belong to the 
other great group of hoofed forms, the even-toed Artiodactyla. The 
latter, while largely eliminated from the western world, are still 
comparatively numerous in Africa and Eurasia, where at least 250 
distinct species are known as against 34 for the Americas. That 
the Artiodactyla were formerly much more abundant, especially 
in North America, is forcibly brought home to every collector of 
fossil vertebrates in the West. 

The principal points of agreement of all artiodactyls are: the 
axis of the foot lies between digits three and four rather than within 
digit three as in the perissodactyls; hence the two digits, one on 
either side of the axis, are symmetrical and the number two is the 
irreducible minimum. While there are normally an even number 
of digits, the peccaries, Tayassu, have three remaining in the foot, 
and a five-toed ancestral artiodactyl is conceivable, for the oreo- 
donts retained a well defined vestige of the first digit of the hand. 
Another artiodactyl characteristic lies in the astragalus, the ankle 
bone which articulates with the tibia or shin. In common with 
that of the perissodactyls, the upper or tibial facet is pulley-shaped, 
but in the jatter the distal facet is flat, thus permitting no movement 
between it and the succeeding tarsal bones. In the artiodactyls, 
on the contrary, the distal facet is curved in such a way that a dou- 
ble tarsal joint is formed. This type of astragalus, a very resistant 
bone, is an extremely common fossil and is absolutely diagnostic 
of the group. 

The molar teeth are invariably one of two sorts or a combination 
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thereof. The crown is either covered with conical cusps (bunodont, 
Gr. Bovves, hill, and ddovs, tooth) as in the swine, or the cusps 
are crescentic (selenodont, Gr. €A7vn, the moon), the latter sort 
being typical of the cud-chewing forms of ruminants. Certain an- 
cient types (anthracoth- 
eres) had buno-selenodont 
teeth of a transitional 
character. The teeth may 
be short-crowned or, in the 
case of grazing ruminants, 
deep-crowned as an adapta- 
tion to abrasive food; they 
never, however, reach the 
degree of perfection seen in 
the true horses. 
Artiodactyls are apt to 
possess weapons, either 
tusks, which are modified 
Fic. 228.—Fore feet of artiodactyls. A, pig, canine teeth, or horns or 


Sus scrofa; B, red deer, Cervus elaphus; C, camel, antlers of various sorts 
Camelus bactrianus. To show progressive reduc- and degrees of develop- 


tion of lateral digits. (After Flower.) ment, or rarely both. 

Osborn’s classification of the Artiodactyla is as follows: 

(1) Section Primitive Artiodactyls (families of more or less 
uncertain affinities). 

(2) Section Suina or pig-like artiodactyls. Pigs, peccaries, eloth- 
eres, hippopotami. 

(3) Section Oreodonta. American primitive ruminants or oreo- 
donts (“cud-chewing swine’’). 

(4) Section Tylopoda. Camels and llamas. 

(5) Section Tragulina. Primitive and ancestral deer-like rumi- 
nants. 

(6) Section Pecora. True or modernized ruminants, including 
the giraffes, deer, prong-horn antelope, Old World antelopes, sheep, 
goats, chamois, bovines, etc. 

Thus it will be seen that the camels occupy an intermediate 
place within the order; they are, however, an isolated group, as 
their connection with the other sections is not yet clear. 

Tylopod Characteristics.—The tylopod characteristics are as 
follows: The limbs are long, and two-toed; the metapodials, which 
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are fused to form a cannon-bone, diverge distally and have lost to 
a large extent the keels which serve to limit the lateral movement 
of the digits. Hence the digitigrade foot is yielding as an adapta- 
tion to desert sands. The feet are, moreover, provided with one or 
two cushion-like pads, hence the name Tylopoda (Gr. TvAy, cushion 
and zrovs, foot). The stomach is three-chambered; there is an 
ancient type of placenta; and the red blood corpuscles are oval in- 
stead of circular in outline, which makes the group absolutely 
unique among living mammals. 


LIVING GENERA 


Camelus 


There are but two living genera, each of which includes a like 
number of species—four altogether extant—one, Camelus, being 
confined to the Old World, while the other, Auchenia or Lama, is 
characteristic of the New. 

The two species of camel are Camelus dromedarius, the one- 
humped Arabian camel or dromedary, and C. bactrianus, the two- 
humped Bactrian camel of central Asia. The two species will 
interbreed and the consequent hybrid or mule camel possesses 
the one hump of the dromedary and the brown shaggy coat of the 
Bactrian parent. Whether reversing the cross (see page 131) would 
produce the same result is not recorded, but upon a priori grounds 
one would not think so. The progeny of a male Bactrian and fe- 
male Arabian camel is preferred to either of the pure breeds. 

The camel has rightly earned its name of ‘‘ship of the desert,” 
for practically all of its peculiarities are but an adaptive response 
to the harsh conditions of that inhospitable environment. Many 
of these adaptations have been mentioned in Chapter XXIV, but 
they must be reviewed and brought together in order that the 
evolution of their owner’s ancient lineage may be the more appre- 
ciated. As in the horse, two directions of adaptation stand out 
sharply—that of speed, ever a desert requisite, and of teeth, for 
the harsh and scanty herbage. The other characteristics the horse 
does not possess, for they are the direct outcome of desert life. 

Speed.—Cursorial characteristics are well shown in the length 
of limb, reduction of digits, of ulna and fibula, and in the 
limitation of the range of movement of the limb joints. The 
feet, however, have retrogressed in that they are no longer un- 
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Fic. 229.—Skeleton with bodily outline of camel, Camelus dromedarius. (After 
Pander and D’Alton.) 


guligrade but digitigrade, for almost the entire length of the 
phalanges, except for the intervening pad, lies flat upon the 
ground. The hoofs are reduced to nail-like structures and the 
whole yielding foot, with its absolutely silent tread, is admirably 
designed to support the animal on the shifting desert sands. The 
foot retrogression somewhat diminishes the extreme length of limb, 
but this is to a certain extent compensated for by the fact that the 
thigh is freer from the body than in other ungulates and thus the 
length of stride is increased. 

Teeth.—The teeth of the camel have suffered a reduction in 
numbers, in that the dental formula is: i, —) c, =; p, &; 


2-2? 


but one upper incisor left on either side and it is more canine- than 
incisor-like. The lower incisors, on the other hand, are all present, 
more or less spatulate and procumbent, and the canine is some- 
what similar and functions as an incisor. Behind the canine comes 
a short diastema and then a recurved, tusk-like premolar which 
has assumed the discarded form and function of the canine. This 
is followed by a longer toothless area, and the four cheek teeth-— 
the fourth premolar and the three molars—form an efficient com- 
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pact grinding mechanism, of long-crowned but, as compared with 
the horse, relatively simple teeth. 

Hump.—The hump which forms so very characteristic a camel 
feature consists of a conical mass of gelatinous fat when the animal 
is well fed, is nourishment stored against a time of scarcity, and 
can be drawn upon during the passage of the desert. Whether or 
no any of the extinct camels possessed such an organ we can not 
tell, as it is entirely superficial and leaves no impression upon the 
skeleton. The hump becomes flaccid and falls over on one side in 
an exhausted camel. 

Water Reservoirs.—Another desert characteristic is the de- 
velopment of water reservoirs in the walls of the stomach (properly 
the paunch or rumen). These are small flask-shaped cavities, 
each with a constricting muscle at its mouth, so that when the 
stomach is filled with water the muscles relax automatically, allow- 
ing the water to enter the cavities, while that which remains is 
absorbed into the system. In time of water scarcity the stored 
liquid is allowed to trickle out into the stomach and is thence 
available for the impoverished blood. 

Senses.—The proud carriage of the head, which is held hori- 
zontally some g feet from the ground, protects the eyes from the 
reflected heat and the eyes and nostrils from the sand. The sense 
organs are still further protected, the eyes by long lashes, the ears 
by hair, and the nostrils by being closable like eyelids. The creature 
is keen of sight, but what is still more necessary, the sense of smell 
is very well developed so that water may be detected a long way off. 

Mentality.—Mentally the wild camels are sagacious, as the 
brain is large and well convoluted, but the domesticated ones are 
so stupid that their bad traits are notorious. 


Thus Palgrave observes (in Flower and Lydekker): “If docile means 
stupid, well and good; in such a case the camel is the very model of docil- 
ity. But if the epithet is intended to designate an animal that takes an 
interest in its rider so far as a beast can, that in some way understands his 
intentions, or shares them in a subordinate fashion, that obeys from a 
sort of submissive or half-fellow feeling with his master, like the horse or 
elephant, then I say that the camel is by no means docile—very much the 
contrary. He takes no heed of his rider, pays no attention whether he 
be on his back or not, walks straight on when once set agoing, merely 
because he is too stupid to turn aside, and then should some tempting 
thorn or green branch allure him out of the path, continues to walk on in 
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the new direction simply because he is too dull to turn back into the right 
road. In a word, he is from first to last an undomesticated and savage 
animal, rendered serviceable by stupidity alone, without much skill on 
his master’s part, or any codperation on his own save that of an extreme 
passiveness. Neither attachment nor even habit impress him; never 
tame, though not wide-awake enough to be exactly wild.” 


As beasts of burden, however, camels are entitled to respect, 
as one can carry 500 to 800 pounds, and their endurance is phe- 
nomenal, the Arabian breed known as the ‘‘Heirie’”’ camel travel- 
ing from 125 to 150 miles a day for eight to ten days at a time. 
The distance from Tunis to Tripoli is 600 miles, yet a single camel 
has carried over that route a burden of rider and gear weighing 
not less than 250 pounds, in four days—an average of 150 miles 
a day! 

Uses.—Alive, camels are used as beasts of burden, for their milk, 
and for the shed hair which is spun and subsequently woven. Dead, 
the flesh is used as food, the hides for leather, the hair for fabrics, 
and even the bones are utilized. Their importance to mankind, 
especially to the nomads of the East and to traders between great 
cities, can hardly be estimated. Even in the twentieth century, 
the deserts of the globe and the arid plains of Egypt, Arabia and 
Persia would be rendered impassable by their extinction, without 
the most expensively constructed and maintained railroads. En- 
gineering and transportation science may in the future supplant 
the camel to the extent that they have the horse, but they have 
not:yet done so. 

There are wild camels in remote Turkestan, the desert of Lob- 
nor, and in Spain, but some are certainly feral, 7. ¢., of domestic 
ancestry, and all are probably so, as there are ruins of ancient 
cities in the Asiatic portion of their range of which the very tradi- 
tions have vanished and to whose departed citizens the ancestors 
of these camels may well have belonged. It is highly probable 
that they have not existed wild for thousands of years. 

_ The area of servitude includes Arabia, Persia, India, all of the 
country from North Tartary to the confines of China and the 
coast of the Persian Gulf, and the Canary Islands and Africa north 
of the Sahara. There were none in Africa, however, until the third 
century of our era. Attempts to naturalize them in Australia and 
North America have been made, but the lack of success in America 
has not been due to the climate or other physical conditions of 
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their ancestral home, but rather to their unfavorable reception 
by the Americans, who greatly preferred the highly serviceable, 
cheaper, and more tractable burro. 


Auchenia 


Characteristics.—The South American genus, Auchenia (= 
Lama) (Fig. 230), includes two wild species, the guanaco, A. 
huanacus, and the vicugna, A. 
vicugna, and their domestic deriv. 
atives, the llama and alpaca. 
These creatures are of much 
smaller stature than the camel 
and lack the characteristic hump 
of the latter. The feet are nar- 
row and the toes more distinctly 
divided, with two pads beneath 
instead of but one. The hair is 
woolly as a protection from the 
cold of their mountain home, for 
instead of being adapted to sandy 
desert conditions, although their 
structure shows a desert ancestry, 
they are upland animals, which 
may well account for their Fic. 230.—Guanaco, Lama huanacus, 
ere inient EE Onan Ammerica living, South America. (After Scott.) 
along the isthmian land-bridge, to the exclusion of the true 
camels. 

Range.—The Auchenia range is along the west side of South 
America from the equator to Cape Horn. Domesticated, they 
have their uses after the manner of their Asiatic cousins, as beasts 
of burden, and for the flesh, hides, and wool. They have the dis- 
tinction of being America’s only contribution to the list of mammals 
domesticated by mankind, but although their local importance may 
be great, they have by no means contributed to human progress 
and well-being to the extent that the camels have. 


EVOLUTIONARY CHANGES 


These are in a way comparable to the changes undergone by the 
horses, with the exception of the secondary retrogression of the 
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Fic. 231.—Camel evolution, as indicated by the skull, feet, and teeth. (Modified 
from Scott.) 
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feet. To summarize briefly, the changes are as follows: Increase in 
stature from the size of a western jack-rabbit to one much greater 
than the huge Bactrian camel of to-day. Loss of lateral digits, of 
which not the least vestige remains. Elongation and fusion of meta- 
podials to form the very characteristic, distally spread cannon- 
bone. Secondary loss of distal keels, broadening of phalanges, and 
the concurrent development of foot-pads. Reduction of the num- 
ber : teeth. Elongation of teeth in the grazing phylum. (See Fig. 
231. 
Phylogeny 


North America is, as we have seen, the evolutionary home of 
the camel family, and, as Matthew (1915) says, “Its ancestral 
stages can be very fully and exactly traced in the western forma- 
tions, as far back as the Upper Eocene, below which they are merged 
with the ancestry of other groups. They are unknown in any other 
continent until the Pliocene, when they invaded South America 
and Asia and Africa, surviving in those continents to-day, although 
extinct in North America since the Middle Pleistocene.” 

Why the ancestral camels failed to migrate to the Old World 
before the Pliocene, when the horses repeatedly made the journey, 
is somewhat obscure unless, as Matthew (1915) again suggests, 
their center of radiation was further south, for, as he says, “The 
center of dispersal would appear to have been in this continent,— 
how far to the north we have no means of estimating; but the ex- 
ceptional directness of the phylogenetic series as represented by our 
western fossils indicates, in my opinion, that these fossils lived in 
or close to the racial dispersal center.” 

Eocene.—Camels are unknown until Upper Eocene time when 
the first undoubted ancestor of the line appears in Protylopus 
(Fig. 231). This small creature was no larger than a jack-rabbit, 
and had forty-four teeth, those in each jaw forming a continuous 
series, the canine being only slightly enlarged. All of the molars 
were low-crowned. The skull with its narrow face already suggests 
that of the existing forms, but the bony orbit was incomplete be- 
hind. The fore limbs were considerably shorter than the hind so 
that the back sloped upward toward the rump. The ulna was en- 
tirely separate from the radius and the fibula was complete. The 
hand had four functional digits but the lateral toes of the foot were 
greatly attenuated although still complete. Protylopus is from the 
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Uinta stage and is thus contemporaneous with the horse Epihip pus, 
to which it is comparable in degree of evolution. 
Oligocene.—During the Oligocene, camel-like animals increased 
very greatly in numbers so that they must have been a very char- 
acteristic element in 
the fauna of that 
time. This is es- 
pecially true of Poé- 
brotherium (Figs. 
231, 232), the re- 
mains of which are 
abundant in the 
“Big Bad Lands” 
of South Dakota, 
whence they range 
across Nebraska into 
Colorado and west 
to the John Day 
valley of Oregon. 
As Protylopus par- 


allels Epihippus, so Fic. 232.—Restoration of ancestral camel, Poébrotherium 
Poébrotherium re- /abiatum, Middle and Upper Oligocene, North America. 
(After Scott.) 


sembles the contem- 
porary Mesohippus in the degree of its evolution. Poébrotherium, 
like Mesohippus, attained the stature of a sheep, but the former 
was more lightly constructed than the sheep, with relatively 
longer limbs and neck and with a small tapering skull. The 
teeth are still forty-four as in Protylopus and the incisors and 
canines are more typical of mammals in general, not the pro- 
cumbent, spatulate structures of later cameloids. The grinding 
teeth of the upper jaw are short-crowned, while the lower molars 
have begun to elongate. The jaws are very slender. The limbs 
show a marked digital reduction both in the hand and foot, in 
that small nodules only are present as the last vestiges of the lat- 
eral toes. Keels are still present, limiting the lateral movement 
of the toes. The ulna has coalesced with the radius and only the 
two ends of the fibula remain. The hoofs are deer-like. The Upper 
Oligocene Gomphotherium differs from Poébrotherium mainly in the 
complete encircling of the orbit by bone. 

Miocene.—During the Oligocene there began an initial diver- 
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gence into at least three phyla which became well defined groups 
during the Miocene, paralleling once more the equine evolution. 
Of these the grazing camels, which were the main line leading to the 
modern representatives of the race, include the Lower Miocene 
Protomeryx and the Upper Miocene Procamelus. 

The former, Protomeryx, still possessed the full quota of teeth, 
but the grinders show 
a decided deepening 
tendency as an 
adaptation to the 
abrasive grasses. 
The feet had two. 
digits and possessed 
pointed hoofs like 
those of the deer. 

In Procamelus (Fig. 
' _ 231) we find the first 
tooth reduction, in 
that the first and 
Fic. 233.—Upland gazelle camel, Stenomylus, Miocene pes. eae oe 

ae Nebraska. (After Scott.) ’ are lost in the adult 

stage. The feet have 
advanced, for the metapodials are beginning to fuse to form the 
cannon-bone. This is especially true of the hind limb. The first 
desert adaptation is shown in the diminution of the distal keels in 
the foot bones in this genus. In size Procamelus must have 
exceeded the dimensions of the modern llama. 

A very notable fossil locality in western Nebraska, of Lower 
Miocene age, has yielded a large number, some forty or more, of a 
slender camel-like form known as Stenomylus (Fig. 233), the gazelle- 
camel, delicate in its proportions and much smaller than any of its 
contemporaries. Its Oligocene ancestry has not yet been traced 
nor do we know aught of its subsequent history, and the inference 
is that it soon became extinct. It has an apparent anomaly in its 
dentition, as there are ten incisor-like teeth in the lower jaw, six 
true incisors, and in addition the canines and first premolars which 
have assumed a similar form and function. The low-crowned 
molars imply a browsing habit. The head is small, the neck long 
and delicately built, and the limbs and feet extremely slender, 
with very thin-walled bones. There are but two toes on each foot 
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Fic. 234.—Giraffe camel, Oxydactylus, Miocene, Nebraska and 
Wyoming. (After Scott.) 


and the metapodials are not fused. Apparently fleetness was 
Stenomylus’ only defense, which may have accounted for its brief 
racial career. The known specimens, of which a group of three 
individuals is mounted at Yale, are almost without exception from 
a single quarry, where they occur in profusion, some dismembered, 
others in completely articulated condition as though the carcasses 
had drifted downstream in time of flood, to be caught in the back- 
water of some large cove and buried by sediment. This is in accord 
with the belief of the discoverer, Professor Loomis, based upon ana- 
tomical grounds, that Stenomylus was an upland form. The only 
associated remains other than those of the camel found in the 
quarry pertain to a large wolf-like creature known as Amphicyon 
(= Daphenodon superbus), probably one of the forms which preyed 
upon the camels. 

The name giraffe-camels does not imply relationship with the 
giraffes, which, so far as known, without exception have been 
confined exclusively to the Old World, but is applied to crea- 
tures which from community of habit converged very strongly 
toward the existing giraffe in size and proportions. Two Miocene 
genera have been discovered which pertain to this family, and in the 
aberrant Oligocene Paratylopus we recognize the first recorded 
ancestor of the group. In the Lower Miocene the representative 
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is Oxydactylus (Fig. 234), remains of which have been collected in 
eastern Wyoming and western Nebraska. This form is much 
smaller than its successor, Alticamelus, and has a shorter neck and 
limbs. The metapodials do not fuse to form a cannon-bone and the 
hoofs are sharp-pointed and deer-like, with little indication of the 
sand-adapted feet of the later camels. The teeth of Oxydactylus 
are rather short-crowned, as though fitted for browsing rather than 
for grazing, and they are yet forty-four in number. 

Alticamelus of the Middle and Upper Miocene, although clearly 
derivable from Oxydactylus, is much further advanced in more 
than one way, for we find that the feet show the same desert adapta- 
tion that its contemporaries of the grazing phylum do—cannon- 
bone, loss of keels, depressed phalanges, and indications of pads— 
a remarkable‘instance of parallelism, the like response of unrelated 
phyla to a similar climatic change. Alticamelus was a very large 
animal, although the head was small and the short-crowned brows- 
ing teeth of its predecessor are still retained. The neck and limbs 
are very long as in the giraffe and were probably, as with the latter, 
an adaptation to permit the animal to browse upon the otherwise 
inaccessible foliage of high and thorny shrubs such as the African 
mimosa, which forms the staple of giraffine diet. But while the 
result of this remarkable convergence was to produce the same 
effectiveness for such a method of feeding, the way in which it was 
brought about was not the same. 


Matthew (1901) says that the giraffe is derived from the early antelopes 
and Alticamelus from early camels, and the difference in origin has caused 
the attainment of the desired result in a somewhat different manner. 
“Tn the antelopes the fore quarters are usually higher than the hind 
quarters, and especially so in the group most nearly allied to the giraffe 
[Okapia]. The femur and tibia are comparatively short, the metapodials 
comparatively long. The greater height of the fore quarters causes the 
anterior part of the back to slope upwards towards the neck and thus 
increases its height. The elongation of the anterior dorsals will increase 
the stature of the animals as well as will the clongation of the cervicals. 
Accordingly we find that in the giraffe the fore quarters are much higher, 
the elongation of the limbs is greatest in the metapodials, which are 
much longer than either femur or tibia, and the elongation of the cervicals 
is continued into the dorsal region. 

“In the camels, on the other hand, the fore quarters are not any higher 
than the hind quarters, the anterior cervicals are long while the posterior 
ones are quite short, and the tibia is unusually long while the metapodials 
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are comparatively short. Correspondingly we find in Alticamelus that 
the anterior cervicals are enormously elongated, the posterior ones are 
but little increased in length, while the anterior dorsals are both 
short and small. The elongation of the last cervicals and anterior 
dorsals would have only increased the length of the body without al- 
tering the stature, because the fore legs are not longer than the hind 
legs and consequently the backbone does not slope upward towards the 
neck. Also the great elongation in the limbs of Alticamelus has been in 
the femur and tibia, while the metatarsus is shorter. The giraffe-camel 
was not so bulky an animal as the giraffe, and scarcely equalled a mod- 
erate sized northern giraffe in height.” The skull is similar to that of 
Procamelus. The specimen of Alticamelus altus which Matthew describes 
is from the Loup Fork formation of northeastern Colorado. The com- 
plete skeleton is as yet unknown. 


Pliocene and Pleistocene.—Pliauchenia, the principal genus of 
Pliocene camels, belongs to the main grazing phylum and is the 
direct descendant of Procamelus, from which it hardly differs at all. 
Progress is seen, however, in tooth reduction in that the second 
lower premolar has been lost. This and the Pleistocene camels 
Camelops and Eschatius are not very well known, owing largely to 
the fragmentary character of the material thus far collected. The 
Pleistocene camels, however, are very numerous and future discov- 
eries are sure to bring better specimens to light. Not all of the 
Pleistocene forms are true camels in the sense of being like those of 
the Old World, but are cameloid creatures, possibly more Ilama-like 
in appearance. Some of them attained an enormous size, as certain 
bones preserved at Yale are half again as large as equivalent ele- 
ments from a Bactrian camel. 

Typical camels, of the genus Camelus, differ from Procamelus 
in the further loss of one premolar in the upper and two in the 
lower jaw, and this genus is apparently the first to brave the cold 
of the northern route and pass to the Old World, presumably by 
way of the Bering Isthmus, for we have the first recorded remains 
of it in the famous Siwalik formation (Lower Pliocene) of India. 
The two Indian species of Camelus, C. sivalensis and C. antiquus, 
show a peculiar tooth character found in the New World llamas 
but lost in the living camels, indicating that in some respects the 
New World types are the more primitive. Fragmentary Camelus 
fossils have been found in the Pleistocene of southern Russia and 
Roumania, and in Algeria not far removed from the living habitat 
of the race. The extinction of the North American camels is as 
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inexplicable as that of the horses, and may well have been due to 
the same unknown complex of causes. 
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CHAPTER XXXVII 
THE EvoLutTIon oF MAN: ONTOGENY AND MoRPHOLOGY 


Part I. Man’s PLace In NATURE 


We have come to the culmination of our course and approach the 
high estate of man, the loftiest pinnacle of the evolutionary fabric, 
but one to which all of the laws governing the survival of the 
other creatures have nevertheless applied. In our research we can 
not consider man, that is, physical man, as a being apart from his 
fellows of the animal kingdom; but whatever our prejudices we must 
look the facts in the face and consider him merely as one, perhaps 
a very special one, among the great hosts of animal life. As in the 
case of the other creatures whose evolutionary history we have 
endeavored to understand, so with man we must enquire into his 
place in nature, learning what his nearest relatives are and whence 
and why he came. 

Man a Vertebrate.—A brief diagnosis of a.vertebrate mentions 
a number of characteristics such as the notochord, hollow, dor- 
sally situated nerve-cord, perforated pharynx, and the like, all of 
which without exception are possessed by man the individual during 
some period of his career just as surely as by the horse, the dinosaur, 
the amphibian, or the fish. The evidence of man’s vertebrate in- 
clusion is therefore unquestionable. 

Man a Primate.—Of the several classes into which the verte- 
brates are divided, man shares with the horse, the elephant, and even 
the saber-tooth the several characteristics—hair, warm blood, midrif 
or diaphragm separating the chest and abdominal cavities, young 
born alive and nourished by mammary glands—which make them 
mammals. He can not therefore be debarred from that group any 
more than the others. Within the class Mammalia he is excluded 
from the egg-laying monotremes and the pouch-bearing marsupials, 
and included with those whose unborn young are nourished by the 
placenta (see page 495); he is therefore a placental mammal. And 
of the four cohorts of Placentalia he is by a process of elimination 
narrowed down to the nailed arboreal forms, or Primates, for he can 
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be neither a clawed weasel Ee: nor a hoofed ungulate, nor a 
finned cetacean. 


PRIMATES 


This name was given to the group by Linnzus, who wished 
thereby to emphasize the headship of the animal kingdom, the 
first in the sense of the highest. The word has, however, a deeper 
significance than this, for the primates are also among the first of 
the placental mammals in their antiquity and primitiveness. Along 
their chosen line of specialization, the feet, the horses and camels 
are, it is true, vastly further advanced than are the primates, and 
the same thing can be said of tooth modification in elephant and 
Smilodon. It is only in the brain and such correlated modifications 
as mental development entails that the primates may justly lay 
claim to superiority, for in-other respects they are as humble and 
generalized a group, with very few exceptions, as the mammalian 
class contains. 

Definition.—Primates may be defined as nearly all arboreal, 
with prehensile limbs, having a more or less opposable pollex 
(thumb) and hallux (great toe). The five digits usually terminate 
in flattened nails, rarely claws; there is a clavicle, the orbit is com- 
pletely surrounded by bone, the stomach simple, and the mammary 
glands are nearly always thoracic. 


Classification 


The classification of the primates has of course been subjected 
to the same vicissitudes as those of other orders, especially when 
fossil forms are found which link together apparently isolated living 
groups. An admirable study of primate interrelationships is that 
of W. K. Gregory (1916), from whom the following classification, 
somewhat abridged, is taken: 

Order Primates 

Suborder Lemuroidea (lemurs or “half-apes’’). 
Suborder Anthropoidea. 
Series Platyrrhini (New World apes). 
Family Hapalide (marmosets). 
Family Cebide (capuchins, howler monkeys, spider 
monkeys, etc.). 
Series Catarrhini (Old World apes and monkeys). 
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Fic. 235.—Lemur, the aye aye, Chiromys madagascariensis, living, Madagascar. 
(After Owen, from Wortman.) 


Family Cercopithecide (monkeys, baboons, macaques, 
etc.). 

Family Simiide (man-like or anthropoid apes). 

Family Hominid (men). 

Lemuroidea.—The lemurs (Fig. 235) are the most ancient of 
living primates and as such have departed least from the ordinary 
quadruped. They are, however, exclusively arboreal, mostly 
nocturnal, and of comparatively low organization, which is man- 
ifest not only in their body but also in the brain, as the cerebral 
hemispheres are not very highly developed nor do they completely 
cover the hind brain as in the higher primates. The second digit 
of the foot bears a claw, the rest terminate in nails. 

The present home of the lemurs is, above all, Madagascar, of 
which they are so highly typical that they constitute perhaps one- 
half of the local mammalian fauna. Lemurs are also distributed 
through the tropical forests of Africa and the Oriental realm. They 
are found fossil in the Eocene rocks of North America and of 
Europe. Two interesting relic animals belonging to this group still 
survive—Chiromys, the aye aye (Fig. 235), now living in Madagas- 
car but having near allies among the long-departed fossil forms of 
North America; and Tarsius, the tarsier (Fig. 236), now confined to 
Sumatra, Borneo, Celebes, Java, and the Philippines, but which 
also had relatives in the American Eocene. 
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Fic. 236.—Lemur, the tarsier, Tarsius spectrum, living, East Indies and Philip- 
pines. (After Brehm.) 


Anthropoidea.—The anthropoids are the most highly organized 
of primates, with thirty-two to thirty-six teeth, a completely 
closed orbit, two pectoral mamme, feet usually prehensile and 
generally the hands also, pollex sometimes vestigial, and cere- 
bral hemispheres richly convoluted, covering the cerebellum. 
This suborder includes all primates other than the lemurs and 
this of course means man as well as the monkeys and apes. It is 
divided into two sharply marked series, the Old and New World 
primates, and these, so far as our evidence goes, represent parallel 
evolutions which because of the long period of South American 
isolation (see page 65) must have diverged from a common an- 
cestry in early Eocene time. 

The Platyrrhini may be distinguished by the broad nasal septum 
(hence the name, Gr. 7AaTvs, broad, and pés, nose); the thumb 
is not opposable, and sometimes reduced; the tail may be prehen- 
sile; there are no cheek-pouches nor ischial callosities. The family 
Hapalide, the marmosets or squirrel-monkeys, are small monkeys 
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Fic. 237.—New World ape, the spider monkey, Afeles pentadactylus, 
living, northern South America. Notice the extremely reduced thumb and 
the prehensile tail. (After Brehm.) 


with a long, hairy, non-prehensile tail. The pollex is elongated, but 
the hallux very small. The latter bears a flat nail, while all of the 
other digits are armed with curved and pointed claws. These crea- 
tures are no larger than squirrels and are active forms, living among 
the trees in small groups. Their food consists of fruit, to which 
eggs and insects are added, a very common dietary. 

The Cebide, the common South American monkeys, differ from 
the marmosets in the possession of an additional molar tooth in 
each jaw, making thirty-six teeth all told, in having flat nails in- 
stead of claws, and frequently a prehensile tail. These forms, 
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none of which is as large as the larger Old World monkeys, are ex- 
clusively confined to the tropical forests, notably those of Brazil. 
Among the more remarkable are the slender spider-monkeys (A leles, 
Fig. 237) whose prehensile tail is an organ of the greatest use; 
the howler monkeys (Mycetes), whose prodigious voice arises from 
an especially modified vocal apparatus; and the capuchins (Cebus), 
whose pathetic figures, garbed with human habiliments, are so 
often seen with itinerant musicians. 

The group Catarrhini includes all of the Old World apes and man, 
excluding of course the lemurs. They are characterized by the pos- 
session of a narrow nasal septum with the approximated nostrils 
directed downward, thirty-two teeth as in man, and a non-prehen- 
sile tail, which may, however, be vestigial or entirely absent. The 
hallux, except in man, is fully opposable and the pollex as well, 
although often less developed. 

The Cercopithecide are the monkeys and baboons, exclusive of 
the man-like apes, from which they differ in the fore-and-aft elon- 
gation of the molar teeth, the presence of ischial callosities on the 
rump, occasional cheek-pouches, a narrow breast-bone, and in the 
absence of the vermiform appendix. The baboons (Cynocephalus) 
are practically the only primates with the exception of man which 
have forsaken the arboreal for a terrestrial mode of life; but unlike 
man this has not resulted in an erect posture but a typically quad- 
rupedal one. Their head is more dog- than ape-like, hence the 
generic name (Gr. cvwv, dog, and Kedar, head), with powerful 
jaws bearing immense canine teeth which, added to the equally 
powerful hands, enable competition with the terrestrial creatures to 
be readily met. The old male mandrills (Pl. XXV) are remarkable 
for their ferocity. These creatures are colored most gorgeously 
on the cheeks and ischial callosities, but colors which in themselves 
are beautiful—blue, scarlet, hlac—are in combinations which seem 
grievously misplaced. Thus while the fur is often beautiful and the 
colors lovely, the general effect is such that, as Cuvier says, “II 
serait difficile de se figurer un étre plus hideux que le mandrill.” 
The mandrills, which are typical baboons, like the rest of their 
race, ‘appear to be rather indiscriminate eaters, feeding upon fruit, 
roots, reptiles, insects, scorpions, etc., and inhabit open rocky 
ground rather than forests” (Flower and Lydekker). Their present 
range includes Africa and Arabia. 

The macaques are rather stoutly built monkeys, the tail being 


Pirate XXV.—Old World ape, mandrill, Papio mormon, Africa. (Photograph 
from the New York Zodlogical Society.) 
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variously developed.. They are both arboreal and terrestrial in 
habit but their principal interest lies in the fact that, whereas al- 
most all are Asiatic, extending as far as Japan, one species, the so- 
called Barbary ape (Macacus inuus) is North African and is the 
only living primate other than man which is found within the con- 
fines of Europe, as it has spread from northern Africa to Gibraltar. 

Semnopithecus is another characteristic genus, containing very 
long-tailed, slender forms, short-muzzled, without cheek-pouches, 
and typical of a subfamily, the Semnopithecine. This group is 
both African and Oriental in its distribution. 

The man-like or anthropoid apes, family Simiide, lay greatest 
claim to our interest, since they of all creatures come nearest to 
mankind, not only in similarity of structure, but in actual relation- 
ship, for they are our next of kin in that they and humanity spring 
without question from the same bough of the tree of life, and 
though the relationship is very remote according to human stand- 
ards of consanguinity, from the evolutionary point of view it is 
very close. This does not mean that man arose from any known 
ape, or that any ape could ever in the course of evolution give rise 
to a man, but that man and the ape had at some not very remote 
time, geologically speaking, a common ancestor. It is, however, 
highly probable that yey3 we to see this common progenitor in the 
flesh we would be at «1,)ss for a descriptive term to apply to it if 
we excluded the word™ape. The primates which we have dis- 
cussed play a subordinate part, in that they serve to link man with 
the lower animals; the Simiidz, on the other hand, are all-impor- 
tant, for only by an understanding of them and their habits can we 
come to a true appreciation of our immediate prehuman progeni- 
tors. 

The Simiide are thus diagnosed: Man-like apes, tailless; no 
cheek-pouches or ischial callosities, except in the gibbon; arms 
much longer than the legs, an opposable pollex, a broad sternum, 
a vermiform appendix, hair on the under side of the trunk and 
limbs. Several extinct genera of Simiide are known, while among 
the living there are four: Hylobates, the gibbon; Simia, the orang; 
“ Anthropopithecus” ox Pan, the chimpanzee; and Gorilla, the gorilla. 
Of these the first two are Oriental, the last two African in their 
present distribution, although all are apparently Asiatic in origin 
(see page 675). 

The gibbons (Pl. XXVI) are the smallest of the man-like apes, 
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rarely exceeding 3 feet in height, but have relatively the longest 
arms, for the hands reach the ground when the creature stands 
erect. Ischial callosities are present—true of none of their allies—. 
and they are variously colored. The jaws and dentition as in all 
other Simiidze are adapted to a frugivorous diet, and the molar 
teeth are more primitive than in their relatives, although the upper 
canines are enlarged and saber-like, either for defense or, more 
probably, as a dietary adaptation. The skull is rounded, lacking 
the high sagittal crest + for muscle attachment seen in the adult 
males of the other genera, and the head is posed upon the vertebral 
column more like that of a man, doubtless a response to the erect 
posture which the ape assumes both at rest and in motion. This 
upright pose may have originated in connection with a change in the 
mode of locomotion. The primitive lemurs ran and jumped on the 
tops of the branches, and hence were quadrupedal, whereas the gib- 
bons swing beneath the branches, the arms being held above the 
head. “This acrobatic mode of locomotion, which has been appro- 
priately called ‘brachiation’ (Lat. brachium, arm) by Professor 
Keith, very probably took rise in the earliest anthropoids and has 
been carried to an extreme specialization in the excessively long- 
armed gibbon. Thus the habit of sitting ypright, which first set 
free the hands for prehensile purposes . . | yery probably preceded 
the habit of brachiation and the loss of |; : tail, as it has also in 
the genus Indris among the lemurs” (Gregory). Huxley’s descrip- 
tion of the gibbons contains the following: 

They ‘‘are true mountaineers, loving the slopes and edges of the 
hills, though they rarely ascend beyond the limit of the fig-trees. 
All day long they haunt the tops of the tall trees; and though 
toward evening they descend in small troops to the open ground, 
no sooner do they spy a man than they dart up the hill-sides, and 
disappear in the darker valleys.” The voice is prodigious, much 
more powerful than that of any singer, and yet the animal has 
hardly half the height of a man and far less proportionate bulk. 
They walk erect with the arms either down, touching the knuckles 


1 The sagittal crest is a thin vertical ridge of bone running along the mid-line 
of the skull, the purpose of which is to give greater area for the origin of the 
muscles concerned in mastication than is afforded by the brain-case alone. The 
development of this crest implies increased jaw power over those forms which 
do not possess it; it is also more apt to be developed where the brain-case itself 
is small as in the creodonts. 


PLATE XXVI.—Gibbon, //ylobales lar, southeastern Asia. (Photograph from 
the New York Zodlogical Society.) 


Pirate XXVII.—Orang-utan, Simia salyrus, Sumatra and Borneo. (Photo- 
graph from the New York Zodlogical Society.) 
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to the ground, or above the head. The gait is quick, waddling, 
with no elasticity of step, and they are soon run down. 

In the trees, however, their locomotive powers are quite another 
matter, the hands and arms being the sole organs of locomotion, 
clearing spaces of 12 to 18 feet with greatest ease and uninterrupt- 
edly, for hours together. Duvaucel says they can clear 4o feet, 
which may be readily believed. They start and stop instantly 
with no appreciable slowing down or acceleration of speed. More- 
over, their leaps not only require great strength, but the nicest 
precision. The significance of this mode of progression can not be 
ignored, because of its educative value to the creature concerned, 
for every time such a hand leap is undertaken it requires the instan- 
taneous solution of a mathematical problem, since an accurate 
estimate of distance, trajectory, direction, and the ability of the 
objective branch or branches to bear the impact of the creature’s 
weight must all be estimated, and upon the correct solution of this 
problem depends the amount of muscular force to be used in order 
that the creature may neither under- nor overshoot the mark, 
and the penalty placed upon the incorrect solution of the problem 
and its practical application may be death! Nature has abundant 
opportunity, therefore, for the weeding out of the unfit and she 
places a high premium upon mental preparedness, more perhaps 
in the gibbon and other brachiating primates than in any other 
group of animals, and this undoubtedly was also true of the arboreal 
ancestors of man. 

Osborn thus summarizes: “‘The gibbon is the most primitive of 
living apes in its skull and dentition, but the most specialized in 
the length of its arms and its other extreme adaptations to arboreal 
life. As in the other anthropoids, the face is abbreviated, the narial 
region is narrow, 7. e., catarrhine, and the brain-case is widened, but 
the top of the skull is smooth, and the forehead lacks the prominent 
ridges above the orbits; thus the profile of the skull of the gibbon is 
more human than that of the other anthropoid apes. When on the 
ground the gibbon walks erect and is thus afforded the free use of 
its arms and independent movements of its fingers. In the brain 
~ there is a striking development of the centers of sight, touch, and 
hearing [see diagram, Fig. 241]. It is these characteristics of the 
modern gibbon which preserve with relatively slight changes the 
type of the original ancestor of man.” 

The orang (PI. XX VII), Simia satyrus, the second of the oriental 
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apes, is confined to the somber, swampy forests of Sumatra and 
Borneo. It is reddish in color and rarely exceeds 4 feet in height, 
but, unlike the gibbon, it is very bulky, measuring two-thirds of its 
height in circumference. The arms are immensely long, the creature 
spreading from 7 feet 2 inches to 7 feet 6 inches. The head is short, 
round, and of great vertical diameter, with very closely approxi- 
mated orbits. The skulls of the old males show a sagittal crest 
and the face is surrounded with a remarkable flaring rim of flesh 
which gives it a very ferocious aspect. The jaw is deep and mas- 
sive, and the canines are very efficient either for the opening of 
fruits or for fighting. The principal weapons, however, when 
used against other animals, are the hands. 

The great size of this ape renders it less agile than the gibbon 
and while highly intelligent it is sluggish in disposition, reposing 
with the back curved and head bowed until hunger stimulates 
it toactivity. By day the orangs climb from one.tree top to another 
and they descend to the ground only at night. They climb slowly 
and carefully, more like a man than an ape, and are nest-building 
in that they break off branches and lay them in a convenient crotch 
of a tree, thus forming a sort of platform whereon they repose, 
utilizing one nest until the food in the immediate vicinity is ex- 
hausted, when they move on and build another. These nests are 
to to 25 feet above ground. On the ground the orang runs la- 
boriously and shakily on all fours and is soon overtaken by man. 
It never stands erect. “ Dyaks tell of old orangs which have lost 
all their teeth, but which find it so difficult to climb that they 
maintain themselves on windfalls and juicy herbage” (Huxley). 
Normally the food consists of figs, blossoms, and young leaves, 
never living animals. The intelligence is very great, the hearing 
acute, but the vision less so. 

The chimpanzee (Pl. XXVIII), Pan pygmeus or Anthropopithe- 
cus troglodytes, is the first of the African apes and may readily be 
distinguished from the orang by its black hair, although the skin 
of the face and ears is apt to be light in color. In size they never 
exceed 5 feet but are not so bulky relatively as the orangs, and as a 
consequence are much more expert as climbers, swinging from tree 
to tree with great agility as do the gibbons. They rest in the sitting 
posture and sometimes stand or walk on the hind limbs, but run 
on all fours. The head of the chimpanzee is larger than that of 
the orang and the brow-ridges above and outside of the orbits are 


ed 


Pirate XXVIII.—Chimpanzee, Pan pygmeus, western and central equatorial 
Africa. (Photograph from-the New York Zodlogical Society.) 


PLATE XXIX.—Gorilla, Gorilla gorilla, living in western equatorial Africa. 
The largest and most terrible of the man-like apes. (From the mounted speci- 
men in the Academy of Natural Sciences, Philadelphia. Courtesy of the 
Academy.) 
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especially prominent. There is a sagittal crest for muscular at- 
tachment in the males. The brow-ridges and the prognathous 
or forward sloping teeth and receding chin strongly resemble 
those of the more ancient species of prehistoric man (see 
page 680). 

In their nest-building the chimpanzees resemble the orangs, in 
their activity and biting propensities, the gibbons. There may 
also be more than one species as with the latter. They are con- 
fined to-day to west and central equatorial: Africa, from Sierra 
Leone to the Kongo. 

Gorilla gorilla, by far the most formidable of the man-like apes, 
is also restricted to tropical Africa, extending from the Kamerun 
in the West across the Kongo basin to Uganda and German East 
Africa. There is apparently but one species. A specimen killed 
in the Kamerun and now mounted in the museum of the Academy 
of Natural Sciences in Philadelphia (see Pl. X XIX) stands 5 feet 
1¥% inches in height, and weighed in the flesh 418 pounds. The 
torso and upper limbs are immense, but the legs are short com- 
pared with those of man. If the latter were of human proportions 
the height would probably exceed 7 feet and the weight would 
approach 500 pounds. Even as it is one can not but view this 
creature in terms of humanity, hence he becomes to the imagina- 
tion one of the most terrible creatures upon earth, far more im- 
pressive than a much larger quadruped would be. 

In describing the skull (see Fig. 239) Gregory says: “The gorilla 
carries to the logical extreme the frugivorous and fighting speciali- 
zations which are foreshadowed in the chimpanzee. The head is 
lengthened by the forward growth of the muzzle and by the ex- 
treme backward growth of the skull-top. Thus the gorilla skull, 
to a certain extent, parallels that of the baboons. The supraorbital 
protrusion is now extreme. The. . . sagittal crest and widely flar- 
ing occipital crests attain an excessive development in old males, 
and are conditioned by the massive size of the muscles of the jaws 
and neck. The canines form great tusks and hence the muzzle 
and lower jaw are very wide in front. ... Thus the funda- 
mental resemblances to the human skull are largely disguised in 
the male gorilla, which is distinguished by the great tusks and 
massive cheek teeth, the divergent tooth rows, the baboon-like 
muzzle and protruding orbits, in contrast with the opposite speciali- 
zations in man. The young female gorilla, on the other hand, 
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except in the dentition, more distinctly approaches the human 
type than any other anthropoid.” 

The gorilla is the negro of the anthropoids, with the skin a dark 
brown, approaching black, and coarse black hair which becomes 
gray with age. There is a high crest of hair along the mid-line of 
the-skull, and a transverse ridge; the scalp moves freely forward 
and back and when the animal is enraged it is contracted over 
the brow, bringing down the hairy ridge and pointing the hair 
forward, thus giving an indescribably ferocious aspect. The limbs 
and body of the gorilla are markedly adapted to its gigantic and 
clumsy stature. It has departed from the primitive slender-limbed 
and arboreal type and exhibits a more or less transitional stage 
leading to bipedal ground-dwelling habits. As in the ground- 
sloths, the long arms, stout, short legs, and widely expanded pelvis 
are adapted for the support of the enormous thorax and abdomen. 
The hands of the gorilla are more human than ‘those of any other 
anthropoid, although the thumb is relatively smaller than in man 
and has not acquired the power of opposing itself to the other 
digits. So also the foot of the gorilla distinctly approaches the 
human type in several ways; the great toe, however, is still of the 
old grasping type which is characteristic of all primates except 
man and which, as Keith has shown, although it assists the anthro- 
poids in attaining a fully erect posture and balance while in the 
trees, is rather a hindrance to the upright position on the ground 
(Gregory). The gait is therefore shuffling, the body never up- 
right, and rolling from side to side; the body is half swung, half 
jumped between the arms as in the chimpanzee. In the walking 
posture the arms are held upward. 

Gorillas run in bands containing but one adult male of proved 
physical prowess. They are exceedingly ferocious, always on the 
offensive, and never run from man. They fight both with the 
hands and teeth. 

The family to which man belongs, the Hominide, bears the 
stamp of close relationship with the Simiide, the differences being 
mainly the direct outcome of terrestrial life, the assumption of 
the erect posture, and the development of the brain. The erect 
posture has codrdinated with it the alternation in the curvatures | 
of the spine, the more complete adaptation of the hind limbs to 
bear the weight of the body, the loss of the power of opposition of 
the great toe and its more complete development in the thumb, 
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and the greater length of the hind as compared with the fore 
limbs. 

“The anthropoids are chiefly frugivorous and typically arboreal; 
when upon the ground they run poorly and (except in the case of 
the gibbons) use'the fore limbs in progressing. Thus they are 
confined to forested regions. Man, on the other hand, is omnivo- 
rous, entirely terrestrial, erect, bipedal and cursorial, an inhabitant 
primarily of open country. The anthropoids use their powerful 
canine tusks and more or less procumbent incisors for tearing open 
the tough rinds of large fruits and for fighting. Primitive man, 
on the contrary, uses his small canines and more erect incisors 
partly for tearing off the flesh of animals, which he has killed in 
_ the chase with weapons made and thrown or wielded by human 
hands. These implements and weapons also usually make it un- 
necessary for man to use his teeth in fighting and functionally 
they compensate for the reduced and more or less defective de- 
velopment of his dentition ” (Gregory). 

There is but one living genus, Homo, included within the family 
Hominide, and all existing men of whatever race or creed are 
given but a single specific name, sapiens, 7. e., the wise. The divi- 
sions of this species into its various races or varieties are, perhaps, 
unnecessary to our purpose, other than to enumerate the following: 

Australian race: skull long (dolichocephalic); extremely promi- 
nent eyebrows; large teeth, especially the canines; tall, long-limbed; 
skin chocolate-brown; hair black, long and woolly. Habitat: 
Australia, Dekkan, Hindustan. 

Negroid race: dolichocephalic, forehead round and childish, 
nasal bones flattened, teeth sloping (dental prognathism); skin 
and eyes brown or black, hair the same color, short, woolly, not 
abundant. Habitat: Madagascar and Africa from the Sahara 
to the Cape of Good Hope. 

Mongolian race: brachycephalic (short-headed), flat nose, small 
and oblique eyes; short and thick-set; golden brown skin, sleek, 
coarse black hair; scanty beard. Dwell east of a line drawn from 
Lapland to Siam; Chinese, Tartars, Japanese, Malays, Eskimos, 
North and South Americans. 

Caucasian race: A, Mediterranean, short, slender, long-headed, 
hair and eyes dark brown to black; B, Alpine, of medium height, 
stocky, round-headed, hair and eyes dark brown to black, eyes 
often hazel or gray in western Europe; C, Nordic, tall, long- 
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headed, hair flaxen, red, light brown to chestnut, eyes blue, gray, 
or green. Habitat: Mainly Europe and North America; includes 
also Moors, Berbers, Egyptians, Kurds, Persians, Afghans, Hin- 
dus, Turks, Armenians, Africanders, and Australians (non-native, 
for natives see above). (Flower and Lydekker, and Grant). 


PArT IJ. ANATOMICAL AND ONTOGENETIC EVIDENCES FOR HUMAN 
EVOLUTION 


Anatomical Evidences 


Limbs.—As with the elephant, man’s body shows a number of 
primitive characteristics in addition to his specializations, the latter 
being, as we have seen, within comparatively narrow limitations. 
The radius and ulna in contrast with those of the horse are both 
well developed and freely articulated so that the range of movement 
is ample, not only the hinge motion at wrist and ankle but the 
rotary one known as supination as well. In the wrist the several 
bones are distinct, such as the scaphoid and lunar of the proximal 
row, which, in the Carnivora for instance, tend to coalesce into a 
single bone. Moreover, the os centrale of the wrist is also present. 
The fibula of the lower leg is well developed and the foot has the 
primitive plantigrade position of the most archaic mammals. 

The number of digits is unreduced from the primal five, nor are 
the phalanges either increased in number as in the whales or dimin- 
ished so that the primitive formula of 2, 3, 3, 3, 3 for the number of 
bones in both fingers and toes still prevails. 

Skeleton.—The shoulder girdle yet retains the clavicle, linking 
the scapula with the sternum in contrast with all ungulates and 
with the carnivores. The atlas which bears the skull, the sacrum 
or that portion of the vertebral column which lies between the hips, 
and the scapula or shoulder-blade all show certain reptilian char- 
acteristics (Merriam). 

Teeth.—The teeth are also primitive, short-crowned, of simple 
structure and pattern, bearing relatively few, low cusps. The two 
premolars which are present are simpler than the molars, all of 
which is in marked contrast to the forms we have studied—the 
horse, elephant, and camel. 

Soft Anatomy.—Man’s soft anatomy also bears the mark of 
great antiquity, especially those organs having to do with his pre- 
natal nourishment (placenta). And the means whereby the intestine 
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is attached within the body cavity, the mesenteries, have still the 
same arrangement seen in the quadrupeds. 
Specializations.—These are, first, the erect posture, which has 
reacted upon the skeleton in several ways, for instance, the four 
curvatures of the spinal column which are reduced in number and 
degree in infancy and ex- 
treme old age. Second, 
the basin-shaped pelvis in 
contrast with the flattened 
form seen in the anthro- 
poids. The form of the 
human pelvis aids in sup- 
porting the viscera while 
the body is in the erect 
position. The pelvis of 
human embryos is at first 
flattened, ape-like, and only 
gradually assumes the 
basin form as they ap- 
proach the time of birth. 
Third, relatively short fore 
limbs, the hands rarely ex- 
tending below mid-thigh 
when the body is held 
erect. This shows the op- 
posite extreme of a series 
as compared with the Fic. 238.—Human hand, Homo sapiens. Com- 
gibbon. pare with that of Phenacodus primevus. Fic. 


With respect to ip Dike ehifify 1G) ie /, lunar; m magnum, 9, pisi- 
TOs ae : - form; sc, scaphoid; éd, trapezoid; ¢m, trapezium; 
specialization, in compari- Bion: 


son with the foot of the 
anthropoid the human foot shows: loss of opposability of the great 
toe, offset in some primitive types of man; development of the 
shock-absorbing arch; tendency toward monodactyly, the axis of 
the foot running through digit one which thus becomes the “great 
toe,” the others diminishing in size and length. In the fifth digit 
reduction in the number of phalanges is in progress as the two outer- 
most tend to fuse in a certain percentage of human subjects. 

Still another specialization is the Joss of hair from the body, 
possibly as a result of the acquisition of artificial clothing. The 
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Fic. 239.—Skeletons of man and gorilla. 
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evidence for this belief cited by Matthew (1015) follows: “(r) It is 
accompanied by an exceptional and progressive delicacy of skin, 
quite unsuited to travei in tropical forests. I do not know of any 
thin-haired or hairless tropical animal whose skin is not more or 
less thickened for protection against chafing, the attacks of insects, 
etc. (2) The loss [of hair] is most complete on the back and abdo- 
men. The arms and the legs and, in the male, the chest, retain hair 
much more persistently. This is just what would naturally happen 
if the loss of hair were due to the wearing of clothes,—at first and 
for a long time, a skin thrown over the shoulders and tied around 
the waist. But if the loss of hair were conditioned by climate it 
should, as it invariably does among animals, disappear first on the 
under side of the body and the limbs and be retained longest on the 
back and shoulders.”” (See, however, page 647). A high specializa- 
tion is the loss of pigment in the skin of fairer races. 

The normal human dentition contains the same number of teeth, 
thirty-two, as that of the other Catarrhini, so,that the reduction 
from the original forty-four is a primate and not a human char- 
acteristic. The human teeth, however, are reduced in relative size 
as compared with the anthropoids, the canine no longer exceeds the 
other teeth in length and it is tending to become incisiform. There 
is also a loss of the diastema between the teeth into which, in the 
ape, the opposite canines fit. 

In the anthropoids the movement of the lower jaw is obliquely 
transverse, ruminant-like; in the human being it is in all directions 
and partly of a rotary character. This is correlated with the reduc- 
tion of the interlocking canines. That tooth reduction in humanity 
is still progressing is shown by the fact that the first premolars and 
second incisors are often reduced and sometiines wanting, and the 
same is true although to a less extent of the third molars, the so- 
called wisdom teeth. 

The tooth reduction is in turn correlated with the shortening of 
the muzzle and jaw symphysis—the facial portion of the skull, that 
concerned with the senses and appetite, in contrast with the enor- 
mous expansion and deepening of the brain-case, the seat of mental- 
ity. This change in the proportions of face to cranium is expressed 
in terms of the facial angle that is formed between two lines 
lying in the sagittal plane of the skull, one of which is drawn from 
the lower margin of the nasal aperture.to the ear opening, the other 
from the forehead to the maxilla (see Fig. 240). In the higher races 
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Fic. 240.—Facial angle of man (B) compared with that of chimpanzee (A). 
(Modified from Mivart.) 
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of mankind this facial angle approaches a right angle, averaging 
85°; in the anthropoid, such as the chimpanzee, it is much less, 
not more than 45°. 

The human brain is one of nature’s marvels, exceeded in actual 
size only by that of the elephants and of the greater whales. In 
relation to bulk, man’s brain exceeds that of any other creature 
except some excessively small vertebrates such as the humming 
birds and smaller 
mice. In these forms 
there has been a 
dwarfing as a result 
of evolution, as an in- 
crease or decrease in 
bulk physically seems 
to be more rapidly at- 
tained than a change 
in brain size in the 
sameanimal. Growth 
of body unaccom- . 
panied by equivalent Fic. 241.—Side view of human brain, cerebrum, of high 
brain growth W aS type, showing chief areas of muscular control and of sen- 
seen in the dinosaurs S°°Y impressions of sight and hearing, also prefrontal area 


in which higher mental faculties are centred. (Modified 
Stegosaurus and from Starr.) 


Brontosaurus. 

Aside from its mere increase in size, the human brain (see Fig. 
241) is also of the highest vertebrate type, the huge cerebrum 
entirely covering the cerebellum, so that the latter is invisible from 
above. Greater area of the external cortex, the so-called “gray 
matter’’ which is the real seat of intellect, is obtained by a deepen- 
ing and further complication of the depressions between the 
convolutions. And the great development of the frontal lobes, par- 
ticularly, gives ample opportunity for the expansion of the 
higher intellectual faculties. In its subtle fineness of detail, 
in its ability to record and often to reproduce an almost infinite 
number of mental perceptions, and in all those other resident fac- 
ulties which together make up the higher intellectual characteris- 
tics of humanity, the human brain stands preéminent as the most 
complex structure evolution has produced. But a comparison 
with the brain of an orang shows the self-same fundamental char- 
acteristics; the proportions differ, but ina broad way the shapes are 
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similar and the major convolutions are alike, in other words, the 
two brains differ not in kind but in degree, and that of man is physi- 
cally merely a relatively larger and more refined example of the 
same fundamental type. With regard to mental retrogression’ in 
the apes Beebe says: ‘‘ Young orang-utans in their ‘talk’ as well as 
in their actions, are the counterparts of human infants.- The scream 
of frantic rage when a banana is offered and jerked away, the 
wheedling tone when the animal wishes to be comforted on account 
of pain or bruise, and the sound of perfect contentment and happi- 
ness when petted by the keeper whom it learns to love,—all are 
almost indistinguishable from like utterances of a human child. But 
how pitiless is the inevitable change of the next few years! ... 
Slowly but surely the ape loses all affection for those who take 
care of it. More and more morose and sullen it becomes until it 
reaches a stage of unchangeable ferocity and must be doomed 
to close confinement never again to be handled or caressed.”’ Mr. 
Beebe adds to this observation in a letter as follows: “I find 
that while sexual maturity is attained at about six years, the fe- 
males seem little affected and remain gentle and affectionate. The 
males, however, begin at about five years to become morose and 
sullen. This applies both to chimpanzees and orangs. These 
statements apply only to several animals which have attained their 
sexual majority in the [New York Zodlogical] Park and even among 
them there is great variation.” 

The final human characteristic which lifts man high above his 
fellow creatures is articulate speech, the means whereby communica- 
tion, especially of higher abstract thoughts, is made primarily 
possible; for the development of a mature written language is 
clearly the outgrowth of antecedent speech. This human faculty 
has had great influence in the development of the higher mental 
traits. 

Thus it will be seen that comparative anatomy shows very em- 
phatically our fundamental resemblances to the other anthropoids 
and that if we would look for differences we must compare details 
of structure and development rather than distinctions of a larger 
sort. As Huxley truly said: “The structural differences between 
man and the man-like apes certainly justify our regarding him as 
constituting a family apart from them; though, inasmuch as he 
differs less from them than they do from other families of the same 
order there can be no justification for placing him in a distinct or- 
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der. . . . Perhaps no order of mammals presents us with so ex- 
traordinary a series of gradations as this—leading us insensibly 
from the crown and summit of animal creation down to creatures, 
from which there is but a step, as it seems, to the lowest, smallest, 
and least intelligent of the placental Mammalia. It is as if nature 
herself had foreseen the arrogance of man, and with Roman severity 
had provided that his intellect, by its very triumphs, should call 
into prominence the slaves, admonishing the conqueror that he is 
but dust.” ; 

Vestigial Organs.—Drummond mentions no fewer than seventy 
such relics which he most appropriately cails the scaffolding left 
in the body, relics of old time conditions and needs for which the 
modern human economy has no further use. They are veritable 
historical documents enclosed within the limits of each human frame 
during part or the whole of its existence and may be viewed in no 
other light. Certain of these features disappear with growth and 
maturity and hence are ontogenetic, others persist during the life- 
time of their possessor. 

One of these persistent vestigial features is the direction of hair 
on the body. That upon the arms, for instance, runs from shoulder 
to elbow and from the wrist upward and outward in such a way 
that, were the hands clasped above the head with the elbows point- 
ing downward, a posture often assumed by the orang, the hair thus 

arranged sheds the falling rain (see Plate XX VII). In all anthro- 
poids except the gibbon the same direction of hair prevails as with 
mankind, hence the conclusion of a bygone community of habit be- 
tween man and these apes is irresistible. Then, too, the absence of 
hair on the terminal phalanges, its scarcity on the second, and 
greater abundance on the first are true of the anthropoids as well as 
of man. 

The vermiform appendix (Fig. 242) has been mentioned as a diag- 
nostic characteristic of the family Hominide and also of the Si- 
miide. In man it is not only apparently useless but is sometimes 
a veritable deathtrap. With herbivorous mammals, on the other 
hand, its homologue is large and of high digestive value. Even in 
man the appendix has the same structure as the large intestine— 
peritoneum, muscular coat, and mucous layer. In the embryo it 
has the same caliber as the rest of the bowel but soon ceases to grow 
and is actually as long in the new-born babe as in the adult. 

The Darwinian point to the ear is a little conical projection from 
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Fic. 242—Vermiform appendix of (A) kangaroo and (B) human embryo. 
(After Wiedersheim, from Jordan and Kellogg’s Evolution and Animal Life, D. 
Appleton and Co.) , 


the inwardly turned margin of the ear, more frequent in the male 
than in the female, as are all atavistic features. This is in man a 
relic of the pointed ear found in lower mammals and is, as Darwin 
says, a “surviving symbol of the stirring times and dangerous days 
of his animal youth.” 

Thin bands of muscle, formerly of value in moving the shell of 
the ear to aid in the appreciation of sound, are still present but 
usually functionless, as are also the present but involuntary hair- 
erecting muscles of the scalp. Most of the dermal muscles, in fact, 
so well developed in lower animals for twitching the skin, are 
retained in the human face only where they are used for the expres- 
sion of the emotions. Doubtless their retention is in part of de- 
fensive significance as they may well have been used to strike terror 
into the breast of an opponent. In addition to this, they also 
aided in the expression of the emotions, as of pleasure or pain, and 
together with the voice formed the first elemental speech. 

A further vestige is the plica semilunaris, a crescentic fold of 
membrane in the inner corner of the eye which represents the very 
efficient third eyelid or nictitating membrane of the eyes of many 
mammals and of birds. The pineal body of the brain is connected 
in reptiles, notably Hatteria, with a third eye, really the first pri- 
mordial vertebrate eye. In man this is present as a vestige deep 
hidden beneath the mass of the fore brain. 

In other mammals that portion of the upper jaw which bears the 
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incisor teeth is separated off by a suture, and is known as the 
premaxillary bone. In man and the chimpanzee this suture is nor- 
mally obsolete, yet the poet Goethe predicted that some day the 
separate premaxillary would be found in man, and so it has been. 
Moreover, the frontal bone, single in man, paired in the dog, is 
paired in an Abyssinian skull in the Yale collection. 

Ontogenetic Vestiges.—Embryology teaches us much of the 
past life of any race and this is just as true of humanity as of any 
other created being; for the unfolding of the miniature man shows 
precisely the same one-celled condition of the ages-remote protozoan 
ancestry; the same cleavage stages, morula, blastula, and gastrula, 
as any other metazoan; the gradual assumption of chordate char- 
acteristics, of notochord, of hollow nervous system, of gill-slits; 
the budding of limbs, at first as ill formed as those of the earliest 
slime-borne amphibian emergent from the old limiting aquatic 
environment; the perfected limbs and well developed tail of an 
ancient placental mammal, and the ultimate loss of this and other 
embryonic structures, until a man is born into the world. Thus 
these wonderful changes, wrought in the dark, reproduce, as in a 
pageant, the historic changes brought about by the evolutionary 
process during the long night of the geologic past. 

Certain of the ontogenetic features may be more specifically 
mentioned, such as the gill-slits, of which there are four in the 
embryo. Sometimes certain of these fail to close so that openings 
remain on the sides of the neck through which fluids taken in at the 
mouth can trickle, or the slits may have closed but white patches 
on the skin betray their former position. The first gill-slit, the so- 
called spiracle of the fish, normally persists and forms the eusta- 
chian tube connecting the inner ear with the throat for the purpose 
of equalizing the air-pressure on either side of the drum. The ear 
in fact is developed from this first gill-slit and the hearing organ may 
be subsequently repeated down the neck. As Drummond says: 
“Tn some human families, where the tendency to retain these special 
structures is strong, one member sometimes illustrates the abnor- 
mality by possessing the clefts alone, another has a cervical ear, 
while a third has both a cleft and a neck-ear—all of these, of course, 
in addition to the ordinary ears.” 

The tail is indicated in the human skeleton by the four or five 
bones at the lower terminus of the spine, coalesced in the adult 
into the coccigeal bone which is concealed beneath the flesh; but in 
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Fic. 243.—Series of vertebrate embryos at three comparable and _ progres- 
sive stages of development, A, fish; B, salamander; C, tortoise; D, chick. 
(Continued on next page.) 
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Fic. 243 (con.)—Series of vertebrate embryos. FE, hog; F, calf; G, rabbit; 
Human. (After Haeckel, from Romanes’ Darwin and after Darwin. Copyright, 
Open Court Publishing Co.) 
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the embryo not only is it present but is free, movable and has 
muscles for wagging it! These are usually reduced later to mere 
ligaments but may permanently retain their muscular character. 
The external tail may also persist. 

The lJanugo, or clothing of long dark hair which covers the 
entire body except 
the palms and soles 
up to the sixth 
month of prenatal 
life, usually disap- 
pears before birth, 
but in rare circum- 
stances may persist 
and give a perma- 
nently hairy aspect 
to both face and 
body. This fcetal 
hair is also found 
in other hairless 
mammals such as 
the elephants and 
Fic. 244.—Russian ‘‘dog-man,’’ Adrian Jeftichjew, show- whales, and 0 have 

ing atavistic development of hair. (After Wiedersheim.) but the one histori- 

cal significance, 
harking back to the day when hair was a racial necessity and not 
a superfluity as it is to-day in all three groups. 

The “awful grasp of a baby,” as Drummond puts it, is also signif- 
icant, for the power of grip, notably great during the first few weeks 
of its life when it needs the most constant care, sensibly weakens 
later as experiments have shown. These consisted in the suspend- 
ing from a stick or from the finger by the power of their hands alone 
some sixty infants which were under a month old, and in at least 
half of these the experiment was tried within an hour of birth. 
“Tn every instance, with only two exceptions, the child was able 
to hang on to the finger or a small stick, three-quarters of an inch 
in diameter, by its hands . . . and sustain the whole weight of its 
body for at least ten seconds. In twelve cases, in infants under an 
hour old, half a minute passed before the grip relaxed, and in three 
or four nearly a minute. When about four days old... the 
strength had increased, and nearly all when tried at this age could 
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sustain their weight for half a minute. About a fortnight or three 
weeks after birth the faculty appeared to have attained its maxi- 
mum, for several at this period succeeded in hanging for over a 
minute and a half, two for just over two minutes, and one infant 
of three weeks old for two minutes thirty-five seconds. Invariably 
the thighs are bent nearly at right angles 
to the body, and inno case did the lower 
limbs hang down and take the attitude 
of the erect position. Furthermore, the 
child shows no sign of distress and no cry 
is uttered until the grasp begins to give 
way” (Drummond). 

This is of course one of the many in- 
stances, mainly structural, however, 
which point to the old time arboreal life, 
not perhaps that the infant of that day 
clung directly to the tree but that the 
mother did and had to have her hands 
free for brachiation, hence it was neces- 
sary for the infant to cling to her. ee Babee ae 

Another phenomenon which has re- its own weight for over two 
ceived a similar interpretation—that of aN craenpahet Se 
arboreal life—is the occasional dreams one 4.7 yan. (eon Reneee 
has of falling through space with the vio- Darwin and after Darwin. 
lent instinctive effort often undergone to Copyright, Open Court Pub- 

é lishing Co.) 

prevent disastrous consequences. And the 

strange thing about it is that in the dream the fall never ends fa- 
tally, for that is an experience which could not be transmitted to 
offspring, for such would not exist, while that of the fall could. Jack 
London in his book Before Adam makes much of this. Roosevelt 
says of nightmares, although without necessarily implying an histor- 
ical interpretation to them: “Civilized man now usually passes his 
life under conditions which eliminate the intensity of terror felt by 
his ancestors when death by violence was their normal end and 
threatened them during every hour of the day and night. It is 
only in nightmares that the average dweller in civilized countries 
undergoes the hideous horror which was the regular and frequent 
portion of his ages-vanished forefathers, and is still an every-day 
incident in the lives of most wild creatures” (Scribner's Magazine, 


May, 1910). 
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These examples out of many—Wiedersheim says 180—are suffi- 
cient to show that the human body can not be considered as a per- 
fect final work of creation but rather the ultimate product of eons 
of evolutionary change, resulting in a very imperfect being from the 
physical point of view—a veritable museum of antiquities! 
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CHAPTER XXXVIII 


THE EvoLuTION oF MAN: PALEONTOLOGY 


Part III. PatmonrToLocicaL EvipENCE or Human EvoxLution 


Our evidences for human evolution thus far discussed are such 
as were derived from the existing; we have now to trace, in so far 
as we may, the actual evolutionary history of the primates and of 
man as derived largely from paleontological records. 


Origin of Primates 


Stock.—There is but little doubt that two important orders of 
modern mammals, the Carnivora and the Primates, had a com- 
mon origin, diverging mainly ‘along lines determined by a dietary 
contrast, as the former have become more strictly flesh-eating or 
predaceous, the latter largely fruit-eating and as a consequence 
more completely arboreal. Back of each group lie as annectant 
forms the Insectivora, not perhaps such as are alive to-day, as all 
these are highly specialized along diverse lines, but generalized 
insectivores possessing, because of their primitiveness, a wider 
range of potential adaptation. Matthew is “disposed to think of 
these, our distant ancestors, at the dawn of the Tertiary, as a sort 
of hybrid between a lemur and a mongoose, rather catholic in their 
tastes, living among and partly in the trees, with sharp nose, bright 
eyes and a shrewd little brain behind them, looking out, if you will, 
from a perch among the branches, upon a world that was to be sin- 
gularly kind to them and their descendants.” Thus we can define 
the stock as a relatively large-brained arboreal insectivore, of primi- 
tive but adaptable dentition, and especially of progressive mental- 
ity. : 
Time.—The time of primate origin must have been not later 
than basal Eocene, as primates, clearly definable as such, are found 
in the Lower Eocene rocks of both Europe and North America. 

Place.—The simultaneous appearance of the primates in the Old 
World and the New gives rise to the same conclusions as to their 
place of origin and their migrations thence as with other modernized 
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Fic. 246.—Map of primate distribution and probable migratory routes. (After 
Matthew. Courtesy of the Yale University Press.) 


mammals (see page 561). It suffices now to say that their ancestral 
home was boreal Holarctica, probably within the limits of the pres- 
ent continent of Asia, whence they migrated southward along the 
three great continental radii (see map, Fig. 246). The impelling 
cause of this migration was the increasing northern cold, before 
which the boreal limitations of the tropical forests retreated, 
carrying with them the primates which, in general, are utterly de- 
pendent upon such an environment for their sustenance. 
Geologic Record.—Primates are found in the North American 
sediments from Lower to Upper Eocene time, when they became 
extinct. Thus, while their remains constitute a relatively large 
percentage of the total fauna of the Eocene, primates are utterly 
unknown on this continent from that time until the coming of man. 
In Europe the record is similar except that the extinction occurred 
at a somewhat later date, the Oligocene. Furthermore, they re- 
appear in Europe in the Lower Miocene, at the time of the probos- 
cidean migration out of Africa, whence these primates may also 
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have come. Their second European extinction was in the Upper 
Pliocene shortly before the first appearance of mankind. 

But in southern Asia, Africa, and South America the evolution 
of primates seems to have been continuous since the first great 
southward migration. The evidence, however, is not so much the 
historical documents as the presence of primates in those places at 
the present time; the fossil record is not entirely lacking although 
highly incomplete. The South American monkeys may have had 
their origin in the ancient North American primates, or more doubt- 
fully, the stock may have come by way of Africa. Scott inclines 
toward the latter view although he says the evidence is by no means 
conclusive. 


Origin of Man 


Stock.—According to W. K. Gregory, the stock from which man 
arose was some big-brained anthropoid r<'ated most nearly to the 
chimpanzee-gorilla group, an assumption based upon anatomical 
evidences, in spite of wide differences in habitus and consequent 
adaptation. 

Place.—Evidences point to central Asia as the place of the de- 
scent from the trees of the human precursor, the reasons for this 
belief being several. First, it was central for migrations elsewhere; 
Europe, on the other hand, where the most conclusive, in fact 
almost the exclusive evidence for fossil man is found, is too small an 
area for the divergent evolution of the several human species. 
Second, Asia is contiguous to the oldest known human remains, 
which, as we shall see, were found in Java. Third, it was the seat of 
the oldest civilizations, not only of the existing nations which, like 
the Chinese, trace their recorded history back toa hoary antiquity, 
but of nations which preceded them by thousands of years, and 
whose records have not yet come to light. This antiquity vastly 
exceeds that of the nations of Europe or of the Americas or of 
Africa. Fourth, central Asia is the source of almost all of our 
domestic animals, many of which have been subjected to human 
will and control for thousands of years, and this is equally true of 
many of our domestic plants. This is not due to the fact that man 
first reached civilization in Asia, but rather that he chose for his 
companions the highest and best of their several evolutionary 
lines, and Asia was the place of all others upon earth where the 
evolution in general of organic life reached its highest development 
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in late Cenozoic time (Williston). ‘Fifth, climatic conditions in 
Asia in the Miocene or early Pliocene were such as to compel the 
descent of the prehuman ancestor from the trees, a step which 
was absolutely essential to further human development. 

Impelling Cause.—We look for a geologic cause back of this 
most momentous crisis in the evolution of humanity, and we find it 
in continental elevation and consequent increasing aridity of climate, 
especially to the northward of the Himalayas. With this increased 
aridity and tempering of tropical heat came the dwindling of the 
forested areas suitable to primate occupancy. Barrell has suggested 
that this diminution left residual forests comparable to the dimin- 
ishing lakes and ponds of the Devonian, which upon final desicca- 
tion compelled their denizens to become terrestrial or perish. The 
dwindling of the residual forests would have an effect upon the 
tree-dwellers which may be expressed in precisely the same words. 
Once upon the ground the effect upon even a conservative type— 
and the primates in general, where constant conditions prevail, 
are slow of change—would be the rapid acquisition of such adapta- 
tions as were necessary to insure survival under the new conditions. 
The other man-like apes had, unfortunately for their further evo- 
lution, reached a region where tropical forests continued to be 
available and hence have retained their arboreal life and with it a 
stagnation of progress. The result has been, at any rate on the 
part of the three larger forms, a degeneracy from the estate of their 
common ancestry with mankind; the gibbons seem to have deterio- 
rated less, while terrestrial man has risen to the summit of primate 
evolution. 

Time.—The time of the descent is not later than early Pliocene 
nor earlier than Miocene time; when the terrestrial ape-man be- 
came what we would call human was perhaps later, but certainly 
during the Pliocene, which makes the age of man as such measur- 
able in terms of hundreds of thousands of years! 

Significance of the Descent from Trees.—As a result of the 
descent from the trees, certain definite factors were called into 
play, each of which had its effect on the further evolution. Briefly 
enumerated, these are: (1) Assumption of the erect posture; (2) 
liberation of the hands from their ancient locomotor function 
to become organs of the mind; (3) loss of the easily obtainable 
food of the tropical forests, necessitating the search for sustenance, 
both plant and animal, and man became a hunter; (4) need of 
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clothing with increasing inclemency of. the weather, especially 
during the long winters; (5) freedom from climatic restrictions— 
when an omnivorous diet and clothing were acquired man was no 
longer limited to one definite habitat and the result was dispersal; 
(6) the development of communal life, rendered possible by the 
terrestrial habitat. Primates are at best gregarious, submitting, 
as in the gorilla, to the leadership of the strongest male, but it 
is only by communal life with its attendant division of labor that 
man can rise above the level of utter savagery. 

Evolutionary Changes.—Human evolutionary changes which 
are recorded are: 

More erect posture 

Shorter arms 

Perfection of thumb opposability 

Reduction of muzzle and of size of teeth 

Loss of jaw power 

Development of chin prominence 

Increase in skull capacity 

Diminution of brow-ridges 

Diminution in strength of zygomatic or temporal arch 

Increase in size and complexity of brain, especially frontal lobes 

Development of articulate speech 


Fossil Man 


Fossil remains of man are found under two conditions, in river 
valley deposits and in limestone caverns which served first as a 
dwelling-place and later as a sepulture. Of these the caverns have 
been by far the most productive, but they contain only the re- 
mains of the later races, as the caverns according to Penck did not 
become available for human occupancy before middle Pleistocene 
time. 

The rarity of human fossils may be explained, first, by the various 
burial customs which seldom are sufficiently perfect to preclude 
the possibility of alternate wetting and drying or of rapid oxidation, 
both of which are prohibitive of fossilization. If man lived and 
died in the forests the chances for his fossilization, in common with 
other forest creatures, was very remote, for the remains of such 
are almost invariably destroyed by other animals, by dampness, 
or by fungi, and rarely attain a natural burial in sediment. If, on 
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the other hand, he dwelt in the open, the cnances of so shrewd a 
creature being caught in the flood waters and thus buried in sedi- 
ment were not very great. However we account for it, the fact 
remains that relics of ancient man are rare and are valued ac- 
cordingly. 

In North America.—Repeated instances of seemingly ancient 
man have been brought to light in North America, such as the 
“Caleveras skull” of the California gold-bearing gravels, which 
was satirized by Bret Harte; the Nebraska “Loess man’; and 
those of the Trenton gravels: none of which, with the possible 
exception of the last mentioned, has proved to be really old in 
the geologic sense. Indirect evidence of human antiquity, that is, 
the association of North American man with animals which are 
now extinct, while very rare has been reported in at least two highly 
authentic instances. The first of these was at Attica, New York, 
and is attested by Doctor John M. Clarke, the New York state 
geologist. Four feet below the surface of the ground, in a black 
muck, he found the bones of the mastodon (Mastodon americanus), 
and 12 inches below this, in undisturbed clay, pieces of pottery 
and thirty fragments of charcoal. The charcoal may have been of 
natural origin, but the presence of the pottery seems conclusive. 
The other instance was that of the remains of a herd of extinct 
bison (Bison antiquus) found near Smoky Hill River, Logan County, 
Kansas, and thus described by Professor Williston: An “arrow- 
head was found underneath the right scapula of the largest skeleton, 
embedded in the matrix, but touching the bone itself. The skeleton 
was lying upon the right side. . . . The bone bed when cleared 
off . . . contained the skeletons of five or six adult animals, and 
two or three younger ones, together with a foetal skeleton within 
the pelvis of one of the adult skeletons. The animals had evidently 
all perished together, during the winter. There was no possibility 
of the accidental intrusion of the arrow-head in the place where 


found. ... It must have been within the body of the animal at 
the time of death, or have been lying on the surface beneath its 
body.” 


What at this writing is claimed to be another genuine case of such 
an association, this time of the actual human bones, has just been 
announced from Florida. This find, which has been reported by 
State Geologist Sellards, was made at Vero, eastern Florida, in 
1913. The fossil human bones are from two incomplete skeletons 
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and are found in strata which also contain remains of the following 
extinct species: Elephas columbi, Equus leidyi, a fox, a deer, the 
ground-sloth Megalonyx jeffersoni, and the American mastodon. 

In South America.—A number of finds have been recorded from 
South America, notably by the late Florentino Ameghino of Buenos 
Aires, who contributed so largely to our knowledge of South Amer- 
ican prehistoric life. An expert from Washington, Doctor Ales 
Hrdlicka, has studied with the utmost care the locality and char- 
acter of each of these finds in the western world, and has ex- 
pressed the opinion that none is of an antiquity greater than 
that of the pre-Columbian Indians. 

Further evidence lies in the uniformity of type, except for minor 
distinctions, of all native American peoples. There is no such 
racial differentiation as that seen in the Old World, and the argu- 
ment is that there has not been time for such a deployment. The 
area and conditions as an adaptive radiation center are surely 
ample. 

In Africa.—The only African relics thus far reported are those 
of prehistoric cultures, comparable to those of southern Europe, 
in certain caverns of the Barbary States. There has also been 
reported from Oldoway ravine, German East Africa, a human 
skeleton of undoubted antiquity. It is described, however, as 
being neither a very early nor a primitive type. 

In Asia.—Asia has given us in Pithecanthropus (page 676) the 
oldest known relic of the Hominide, found at Trinil in the island 
of Java. Osborn says: “It is possible that within the next decade 
one or more of the Tertiary ancestors of man may be aiscovered in 
northern India among the foot-hills known as the Siwaliks. Such 
discoveries have been heralded, but none have thus far been ac- 
tually made. Yet Asia will probably prove to be the center of 
the human race. We have now discovered in southern Asia primi- 
tive representatives or relatives of the four existing types of an- 
thropoid apes, namely, the gibbon, the orang, the chimpanzee, 
and the gorilla, and since the extinct Indian apes are related to 
those of Africa and of Europe, it appears probable that southern 
Asia is near the center of the evolution of the higher primates and 
that we may look there for the ancestors not only of prehuman 
stages like the Trinil race but of the higher and truly human types.” 

In Europe.—It is in Europe, however, that the tale of human 
prehistory is the most complete, not only through the happy acci- 
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dent of preserval, but because it has been much more thoroughly 
explored than has the Asiatic evolutionary center. The latter, 
however, holds the greatest hopes for future.exploration since, as 
we have emphasized, Europe is too small to be an adaptive radia- 
tion center and European prehistoric men pneu waves of 
migration from the greater continent. 

Nevertheless the European record has enabled us to name and 
define a number of distinct human species and here the record of 
the cultural evolution of man is also unusually complete. Hence 
European chronology is taken as a standard in describing dis- 
coveries from any portion of the world. 


CHRONOLOGICAL TABLE 
(Adapted from Osborn, 1915) 


POSTGLACTAL, TIMID asap gts treet eae er poy teak renee Pract 25,000 years 
Upper Paleolithic culture 
Cré-Magnon man 
FourtTH GLACIAL STAGE (Wiirm, Wisconsin)................. 50,000 
Close of Lower Paleolithic culture 
Neanderthal man 
IA PIE RG RUTCTORGITIOD ER Ga Gxt.e Acoma Coe babe oo Okan ob aa 150,000 
Beginning of Lower Paleolithic culture 
Piltdown and pre-Neanderthaloid men 
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Heidelberg man 

SECOND GLACIAL STAGE (Mindel, Kansan):.................. 400,000 “S 

ir StRUILLCYPLACLOLASTAD 6 Atay eet ae Ee cee ee 475,000 “ 
Pithecanthro pus, ape-man 
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Pithecanthropus.—The Java ape-man, Pithecanthropus erectus 
(Fig. 247, and Pl. XXX, A), was discovered in Trinil, on the Solo 
or Bengawan River in central Java, in 1894. The type consists 
of a calvarium or skull cap, a left thigh bone, and two upper molar 
teeth. The skull is characterized by its limited capacity, about 
two-thirds that of man; and by the low flat forehead and beetling 
brows. Hence not only was the brain limited in its total size, but 
this was especially true of the frontal lobes, which, as we have seen, 
are the seat of the higher intellectual faculties. Thus, as Osborn 
says, although touch, taste and vision were well developed there 
was a limited faculty for profiting by experience and accumulated 
tradition. The femur associated with the skull is remarkable for 
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its length and slight curvature as compared with the primitive 
Neanderthal race of Europe (page 680) and indicates a creature 
fully as erect and nearly as tall as the average European of to-day, 
the height being estimated at 5 feet 7 inches as compared with 
5 feet 3 inches for the Ne- 
anderthals and 5 feet 8 
inches, the average height 
of modern males. The 
erect posture of course 
implies the liberation of 
the hands from any part 
in the locomotor func- 
tion. The teeth are some- 
what ape-like, but are 
more human than are 
those of the gibbon, and 
the human mode of mas- F!G. 247.-—Skull of Java ape-man, Pilhecanthropus 
5 : ereclus. (Modified from Dubois.) 
tication-has been acquired. 

Certain authorities have tried to prove that Pithecanthropus is 
nothing but a large gibbon, but the weight of authority considers 
it prehuman, though not in the line of direct development into 
humanity. It is nevertheless a highly important transitional form. 

Associated with the Pithecanthropus remains are those of a num- 
ber of the contemporary animals which fix the date as either of 
the Upper Pliocene or lowermost Pleistocene period, which being 
rendered in terms of years gives an estimated age of about 500,000! 

Heidelberg Man.—Homo heidelbergensis, the Heidelberg man, 
represents the oldest recorded European race, geologically speak- 
ing. The type was discovered in 1907 in river sands, 79 feet below 
the surface, at Mauer, near Heidelberg, South Germany. The 
relic consists of a perfect lower jaw with the dentition (Fig. 248, C). 
The description by the discoverer, Doctor Schoetensack, follows 
(from Osborn): 

“The mandible shows a combination of features never before 
found in any fossil or recent man. The protrusion of the lower 
jaw just below the front teeth [the chin prominence] which gives 
shape to the human chin is entirely lacking. Had the teeth been 
absent it would have been impossible to diagnose it as human. 
From a fragment of the symphysis of the jaw it might well have 
been classed as some gorilla-like anthropoid, while the ascending 
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Fic. 248.—Jaws, left outer aspect, of A, chim- 


panzee, Pan, sp.; B, fossil chimpanzee, Pan velus, . 


found in association with Piltdown man; C, Heidel- 
berg man, Homo heidelbergensis; D, modern man, 
H. sapiens. (After Woodward, from Schuchert’s 
Historical Geology.) 


ramus resembles that of 
some large variety of gib- 
bon. The absolute cer- 
tainty that these remains 
are human is based on 
the form of the teeth— 
molars, premolars,  ca- 
nines, and incisors are all 
essentially human and al- 
though somewhat primi- 
tive in form, show no 
trace of being intermedi- 
ate between man and the 
anthropoid apes but 
rather of being derived 
from some older common 
ancestor. The teeth, how- 
ever, are small for the jaw; 
the size of the border 
would allow for the devel- 
opment of much _ larger 
teeth. We can only con- 
clude that no great strain 
was put on the teeth, and 
therefore the powerful de- 
velopment of the bones of 
the jaw was not designed 
far their. benefit. —Ehe 
conclusion is that the jaw, 
regarded as unquestion- 
ably human from the na- 
ture of the teeth, ranks not 
far from the point of sepa- 
ration between man and 
the anthropoid apes. In 
comparison with the jaws 
of the Neanderthal races 
. we may consider the 
Heidelberg jaw as_ pre- 
Neanderthaloid; it is, in 
fact, a generalized type.” 
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Associated with the Heidelberg jaw is an extensive warm-climate 
fauna: straight-tusked elephant (EZ. antiquus), Etruscan rhinoceros, 
primitive horse, bison, wild cattle (urus)} bear, lion, and so on, all 
of which aid in establishing the date of the jaw as Second Inter- 
glacial and its age, con- 
servatively estimated, at 
from 300,000 to 375,000 
years. The cultural evo- 
lution of Heidelberg man 
is indicated by the pres- 
ence of eoliths, flint im- 
plements of the crudest 
workmanship, if indeed 
their apparent fashion- 
ing is not merely the 
result of use. 

Neanderthal Man.— 
The original specimen of 
the Neanderthal man, 
Homo neanderthalensis 
or primigenius (Figs. 
249, 250, 252, and Pl. XXX, B), was discovered in 1856 not far from 
Disseldorf in Rhenish Prussia. Here the valley of the Dussel forms 
the deep Neanderthal ravine, whose limestone walls are penetrated 
by caverns, in one of which the remains were found. What was 
doubtless a perfect skeleton at the time of its discovery was so in- 
jured by its finders that only a portion of it, which is now preserved 
in the Provincial Museum at Bonn, wassaved. ‘This prophet of an 
unknown race was for a time utterly without honor though of course 
the subject of a most heated controversy, being considered as non- 
human, or, as Virchow believed, owing its distinctive characters to 
disease. The sagacity of Huxley threw true light upon the problem, 
though it was not until the mute testimony of other representatives 
of the race [the men of Spy] was offered that even Huxley’s master- 
ful conception of the Neanderthal characters was taken as an 
accepted fact. Professor Huxley’s description of the Neanderthal 
type is classic. He says: 

“<The anatomical characters of the skeletons bear out conclu- 
sions which are not flattering to the appearance of the owners. 
They were short of stature but powerfully built, with strong, curi- 


Fic. 249.—Neanderthaloid skull of La Chapelle- 
aux-Saints (Homo neanderthalensis). (After Boule.) 
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ously curved thigh bones, the lower ends of which are so fashioned 
that they must have walked with a bend at the knees. Their long 
depressed skulls had very strong brow-ridges; their lower jaws, of 
brutal depth and solidity, sloped 
away from the teeth down- 
wards and backwards, in con- 
sequence of the absence of that 
especially characteristic feature 
of the higher type of man, the 
chin prominence’” (Lull). 

Subsequently several more 
specimens have come to light, 
at Spy in Belgium, at Krapina 
in Croatia, at Le Moustier, La 
Chapelle-aux-Saints and La 
Ferrassie in France, and at 
Gibraltar, which, while differ- 
ing in various details, effectu- 
ally serve to establish the race, 
whose main characteristics are: 
Heavy, overhanging brows, re- 
treating forehead, long upper 
lip; jaw less powerful than that 
of Heidelberg man but very 
thick and massive; chin gener- 
ally strongly receding but in 

Fic. 250.—Skeleton of Neanderthal man pHrocess of forming: dentition 
(A), Homo neanderthalensis, compared with P ; x ew i : 
that of a living native Australian (B), Homo extraordinarily massive in the 
sapiens, the latter the lowest existing race. La Chapelle specimen, whereas 
Sole eae) in those of Spy the teeth are 
small. The skull in many characteristics is nearer to the anthro- 
poids than to modern man. 

The brain is large and its volume is surely human, but the propor- 
tions are again less like those of recent man than like the anthro- 
poids. The chest is large and robust, the shoulders broad, and the 
hand large, but the fingers are relatively short, the thumb lacking 
the range of movement seen in modern man. The knee was some- 
what bent, the leg powerful, with a short shin and clumsy: foot, 
clearly not of cursorial adaptation. The curve of the bent leg was 
correlated with a similar curvature of the spine, so that the man 
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could not stand fully erect, as he lacked the fourth or cervical 
curvature of Homo sapiens. The average stature was 5 feet 3 inches, 
with a range from 4 feet 10.3 inches to 5 feet 5.2 inches, partly 
sex differences. 

Neanderthal man lived in Europe from the Third Interglacial 
stage through the Fourth Glacial, a duration of thousands of years, 
and then became extinct, 
from twenty to twenty-five 
millenniums ago. He seems 
to have been an actual lineal 
successor of the man of Hei- 
delberg, but was throughout 
his long career an unprogres- 
Sive, static race. -One of the 
most remarkable features in 
connection with this race, 
however, was the very rev- 
. wey. as agen pa Fic. 251.—Skull of Piltdown man, Homo daw- 
PEAS buried, with an abund- sont. (Modified from Woodward.) 
ance of ornaments and finely 
worked flints. This can have but one interpretation, the awakening 
within this ancient type of the instinctive belief in immortality! 

Piltdown Man.—In 1912 was announced the discovery of a very 
ancient man from the Thames gravels at Piltdown, Sussex, Eng- 
land. Here again the skull was injured and partly lost, so that the 
question of its proper restoration has been the subject of consider- 
able controversy. The material consists of portions of the cranial 
walls, nasal bones, a canine tooth, and part of a lower jaw. The 
brain-case in this instance is typically human, except for the re- 
markably thick cranial walls. The forehead is high and lacks the 
supraorbital ridges of Neanderthal man and Pithecanthropus. 
While the skull is of comparatively high human type, the asso- 
ciated jaw and canine tooth clearly are not and some difficulty was 
met in explaining their evolutionary discrepancy. That has appar- 
ently been answered, however, by the conclusion that the associa- 
tion of the material is purely accidental and that the jaw not only 
does not belong with the skull but that it is not even human but 
is that of a fossil chimpanzee. That being the case, there seems to 
be no reason for the exclusion of the Piltdown man, who has been 
named Eoanthropus dawsont, from the direct line of human ances- 
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try. The specimen is not, perhaps, so surely dated as are those of 
the other European races, but it is associated with a warm-climate 
fauna and is generally considered to belong to the Third Inter- 


Fic. 252.—Skeleton of 
Neanderthal man, Homo 
neanderthalensis. (After 
Boule.) Compare with Fig. 
253, which is drawn to the 
same scale. 


glacial stage—from 100,000 to 150,000 years 
old, and hence vastly more ancient than 
the more primitive Homo neanderthalensis. 
(See Figs. 248, B and 251.) 

Cro-Magnon Man.—The original finds 
of the men of the Cré-Magnon race (Fig. 
253; Pl. XXX, C), Homo sapiens, were 
made at Gower, Wales, and at Aurignac, 
France. In the latter place seventeen 
skeletons came to light in 1852, but were 
buried in the village cemetery and thus lost 
to science, and not until 1868, when five 
more skeletons were discovered at Cré- 
Magnon, France, was the race established. 
These individuals, an old man, two young 
men, a woman and a child, are thus the 
types of the race. This magnificent race is 
thus characterized: 

Skull large but narrow, with a broad face, 
hence disharmonic. Facial angle equalling 
the highest type of Homo sapiens. Jaw 
thick and strong, with a narrow but very 
prominent chin. Forehead high and orbital 
ridges reduced. Brain not only of high type 
but very large, that of the women exceeding 
the average male of to-day. 

The stature of the old man was 6 feet 4.5 
inches; the average for males being 6 feet 
1.5 inches,’ for women 5 feet 5 inches, a 
great disparity. The lower segments of the 
limbs were long, in contrast with the Nean- 
derthal type, hence the men of Cré-Magnon 
were swift-footed, while those of Neander- 
thal were slow. Osborn says: 


“The wide, short face, the extremely prominent cheekbones, 


1The tallest living races of men are the Highland Scots and the Patagonians 
whose height averages 5 feet 11 inches to 6 feet. 
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the spread of the palate and a tendency 
of the upper cutting teeth and incisors to 
project forward, and the narrow, pointed 
chin recall a facial type which is best seen 
to-day in tribes living in Asia to the north 
and tothe south of theHimalayas. As re- 
gards their stature the Cré-Magnon race 
recall the Sikhs living to the south of the 
Himalayas. In the disharmonic propor- 
tions of the face, that is, the combination 
of broad cheekbones and narrow skull, 
they resemble the Eskimo. The sum of 
the Cré-Magnon characters is certainly 
Asiatic rather than African, whereas in 
the Grimaldis [of which specimens have 
been found in association with Cré-Mag- 
nons at the Grotte des Enfants, Men- 
tone] the sum of the characters is de- 
cidedly negroid or African.” 

The Cré-Magnons again show by their 
elaborate burial customs how old and 
well founded is the belief in life after 
death. They are supposed to be the 
people who left on the walls of the cav- 
erns of France and Spain the marvelous 
examples of upper Paleolithic art of 
which Professor Osborn’s book gives so 
adequate a description. They lived for a 
while contemporaneously with the men 
of Neanderthal and may have contrib- 
uted somewhat to the final extinction of 
the latter. In the course of time, how- 
ever, they too declined, although to this 
day survivors of the race may be seen in 
Dordogne, at Landes near the Garonne 
in Southern France, and at Lannion in 
Brittany. Osborn says: . 

The decline of the Cr6-Magnons, with 
their artistic culture, “may have been 
partly due to environmental causes and 


Fic. 253.—Skeleton of man 
of Cré-Magnon race, H. sapiens, 
frora the Grotte des Enfants, 
near Mentone. (After Verneau.) 
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the abandonment of their vigorous nomadic mode of life, or it 
may be that they had reached the end of a long cycle of psychic 
development... . We know as a parallel that in the history 
of many civilized races a period of great artistic and industrial 
development may be followed by a period of stagnation and de- 
cline without any apparent environmental cause.” 

Europe was repopulated after Cr6é-Magnon decline by later in- 
vaders from the Asiatic realm, the so-called Mediterranean narrow- 
headed and the Alpine broad-headed types, etc., probably differ- 
entiated in Asia in early Paleolithic times. The repopulation took 
place in the Upper Paleolithic. 


Evidences of Human Antiquity 


Great Variation.—These, briefly summarized, are, first, great 
variation. If man is monophyletic, that is, derived from a single 
prehuman species, and there is no reason to believe otherwise, he 
must be old, for while the adaptations to ground-dwelling after 
the descent from the trees were doubtless relatively rapidly ac- 
quired, the differentiation into the various races due perhaps 
largely to climatic influences rather than to any notable environ- 
mental change, must have been slowly attained. As corroborative 
evidence we have but to point to the mural paintings on Egyptian 
monuments, dating back several thousand years, in which are 
depicted the Ethiopian, Caucasian and the like, which are in some 
instances striking likenesses of the present-day Egyptians. 

Universal distribution is, in animals, another mark of antiquity; 
in man, it is probably less so because of his greater intelligence. 
And yet before transportation had become a science man’s spread 
over land and sea was extremely slow. 

High intelligence as compared with that of the anthropoids is 
also a mark of antiquity, for the brain, especially the type of brain 
found in the higher human races, must have been very slow of de- 
velopment. Our study of fossil man shows this. 

Communal life, division of labor and all of the complicated 
interactions which it brings about, and the development of law and 
religions all have taken time. When we realize that Babylonian 
texts, twice as remote as the patriarch Abraham, give evidence 
of highly perfect laws and of a civilization which must have 
antedated their production by centuries, we gain another yet 
more emphatic impression of human antiquity. Add to all 
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this the paleontological evidence of man’s association with various 
genera and numerous successive species of prehistoric animals of 
which he alone survives, and the evidence is complete. 


Future of Humanity 


Because of his intelligence and communal codperation man is 
no longer subject to the laws which govern the adaptation of 
animals to their environment. Osborn’s law of adaptive radiation, 
which, as we have seen, applies equally well to the insects, reptiles, 
and mammals, fails in its application to mankind; and yet man 
has become as thoroughly adapted to speed, flight, to the fossorial 
and aquatic as they; but his adaptation is artificial and to a very 
small extent only affects his physical frame, while theirs is nat- 
ural and the stamp of the environment is deeply impressed upon 
the organism. 

Man’s physical evolution has virtually ceased, but in so far as 
any change is being effected, it is largely retrogressive. Such 
changes aré: Reduction of hair and teeth, and of hand skill; and 
dulling of the senses of sight, smell, and hearing upon which active 
creatures depend so largely for safety. That sort of charity which 
fosters the physically, mentally, and morally feeble, and is thus 
contrary to the law of natural selection, must also in the long run 
have an adverse effect upon the race. 

Man is hardly as yet subject to Malthus’ law, for while he is 
increasing more rapidly than any other mammal, owing largely to 
the care of the young which makes the expectation of life of the 
new-born relatively very high, his migratory ability, but above all 
his intelligence, save him from the application of the law. A single 
new discovery such as that of electricity may increase his food 
supply and other life necessities several fold. His future evolution, 
in so far as it is progressive, will be mental and spiritual rather 
than physical, and as such will be the logical conclusion of the 
marvelous results of organic evolution. 
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EPILOGUE 
Tue PuLse or LIFE 


The stream of life flows so slowly that the imagination fails to 
grasp the immensity of time required for its passage, but like 
many another stream it pulses irregularly as it flows. There are 
times of quickening, the expression points of evolution, which 
are almost invariably coincident with some great geologic change, 
and the correspondence is so exact and so frequent that the laws 
of chance may not be invoked by way of explanation. The geologic 
changes and the pulse of life stand to each other in the relation of 
cause and effect. This statement does not, however, imply the 
acceptance of the Lamarckian factor any more than that of natural 
selection, for whether the influence of a changing environment acts 
directly upon the creature’s body, or indirectly through induced 
habit, or, whether it merely sets a standard to which animals must 
conform if they would survive, matters not; the fundamental prin- 
ciple remains that changing environmental conditions stimulate 
the sluggish evolutionary stream to quickened movement. 

Many of these pulsations have been described in the foregoing 
pages, and in each instance we have attempted to define the physical 
change which served to accelerate the flow of life. And in almost 
every successful attempt we have found the immediate influence 
to be one of climate, either of temperature or moisture variation, 
due sometimes to topographic, at others to general atmospheric 
conditions. Back of these climatic changes lies, as one of the great 
fundamental causes, earth shrinkage, with a consequent warping 
of the crust which produces mountain ranges and enlarges the 
lands. Thus it will be seen that the most momentous changes so 
far as influence on life is concerned may have, geologically speaking, 
a very simple basic cause. 

In so far as we can recognize cause and effect, the record of the 
crises of evolution stands as follows: 

For the origin of life itself there is no known geologic cause other 
than the gradually attained fitness of the earth as the abode of 
organic beings. Nor do we surely know of any geologic event which 
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impelled the lime-secreting habit of animals and plants and thus 
made possible an adequate fossil record of their life. This habit 
was attained, however, by the animals in the Upper Cambrian, 
and much earlier by the water-living algee among plants. 

The origin of vertebrates, another event of high importance, 
occurred much earlier than mid-Ordovician time, for in rocks of 
that period are preserved fossils which indicate that chordate 
evolution was already well along upon its course, as the creatures 
recorded are highly specialized armored offshoots of a primitive . 
stock. 

The main dynamic, and hence anatomic, distinction between 
vertebrates and invertebrates lies in the fact that the former are 
principally active motor types, while the latter, with some strik- 
ing exceptions, such as the predaceous cephalopods, are sluggish 
non-motor organisms many of which are actually sedentary 
in their habits and adaptations. That this evolutionary distinc- 
tion is largely the result of habitat seems evident, the vertebrates 
being a response to dynamic waters, the invertebrates to static. 
The origin of vertebrates, therefore, implies no more than quick- 
ened rivers and inhabitants of right potentiality; it could not, in 
all probability, have occurred either in the sea or in land waters 
borne upon a flat topography. Hence we should look for a great 
diastrophic movement or elevation of the lands such as would 
accelerate the flow of terrestrial rivers, for in all probability a 
potent stock, possibly worm-like forms, had peopled the sluggish 
waters for a long period antecedent to the actual change. Several 
such movements are recorded during pre-Cambrian time; but that 
of the Epi-Proterozoic interval (see page 87), seems to fill the 
time requirements best of all, as the others are immeasurably 
remote. 

Another event of immense importance to future evolution was 
the’ emergence of the vertebrates from their limiting aquatic en- 
vironment. That this emergence was by way of the strand from 
sea to land seems hardly probable, for no phylum of animals has 
ever chosen this readily available route. Isolated genera or even 
species which collectively form rare exceptions to the Lebensweise 
of their allies have traversed this road, but there is not sufficient 
stimulus to produce a notable migration. The vertebrate emer- 
gence was from the rivers to the lands, and the impelling cause the 
increasing aridity consequent upon the Silurian uplift. This re- 
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duced the abundant rivers to sluggish streams and finally to residual 
bodies of water, imperfectly oxygenated, which placed a premium 
on lung-breathing on the part of the contained fishes. When the 
final dwindling of their habitat left them stranded, such as could 
become exclusively air-breathing survived, giving rise to the 
amphibia, but those which could not, perished, except that in some 
remote asylums where a vestige of their habitat persisted the 
lung-fishes also survived, for their descendants, few as to kinds, are 
still extant. 

With the recurring moisture of the Coal Measures, amphibia 
throve and multiplied, returning to the ancestral waters seasonally 
to bring forth their young, but toward the latter part of the Missis- 
sippian increasing aridity and reduction of temperature are again 
manifest, making this annual return less readily possible and 
stimulating the evolution of the exclusively air-breathing reptiles. 

In early Permian recurs the same chain of events—continental 
rise, increased aridity, and, this time, glaciation, especially in the 
southern hemisphere. The following Triassic period was also a 
time of aridity, amelioriation of climate coming only after its close. 
Reptiles being already established, the climatic conditions stimu- 
lated an event in the evolution of terrestrial animals second in 
importance only to their emergence: the origin of mammals. Aridity 
paved the way by developing active types among the reptiles, and 
this was apparently a necessary antecedent to the establishment of 
warm blood, through quickened metabolism and raising of the 
body off the ground. Increasing cold then placed a premium on 
ability to maintain this activity beyond the limits of the shortening 
summers, and this could only come about through the acquiring 
of a constantly maintained temperature, in other words, of warm 
blood. Out of one reptilian stock arose the warm-blooded quad- 
rupedal mammals, and out of another the warm-blooded bipedal 
birds. The former, however, were kept so effectually in check dur- 
ing the Mesozoic, apparently by the dominant reptiles, that their 
known evolution amounts to but little until Eocene time. 

Aridity in the Triassic, necessitating swiftness of motion, seems 
to have given rise to the bipedal dinosaurs, just as aridity and bipe- 
dality among modern lizards are the result of similar association 
of cause and effect. , 

Climatic oscillation, giving rise to humid conditions during the 
Jurassic, furnished an amphibious habitat which tempted the 
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increasingly large saurischian dinosaurs to forsake their ancient 
dwelling-places and abandon the strenuous life of a carnivore for 
the slothful ease of an amphibious herbivore, and their extinction 
in the later Comanchian may have been due in part at least to a 
restriction of their habitat. 

The cause of dinosaurian extinction at the close of the Mesozoic 
is yet unknown, but the fact that it was coeval with the world- 
wide Laramide Revolution, which must have given rise to a far- 
reaching chain of results, gives evidence that here we have again a 
basic geologic cause. 

It can not be doubted that the cause or causes of dinosaurian ex- 
tinction were an indirect stimulus to the first great deployment of 
the archaic mammals after their age-long suppression during the 
Mesozoic. 

The archaic mammals in turn met their fate largely through the 
competition induced by the incursion of the modernized orders, and 
this again had for its prime cause the fluctuating climate in the 
north, which drove the modernized hordes from their ancient radia- 
tion centers along the several continental radii to the south. It is 
not without the realm of possibility that the somewhat severer 
and more variable climatic conditions of their northern home 
stimulated the modernized mammals to higher evolutionary at- 
tainment than did the more equable habitat of the archaic forms. 

Increasing aridity during the Oligocene and Miocene, due again 
to continental uplift, gave great impetus to the grasses, which now 
became the dominant flora of the temperate realms. The effect 
of this on mammalian life was far-reaching as it caused the restric- 
tion and extinction of many browsing types and a wonderful 
deployment of the grazing forms—horses, camels, deer, and ante- 
lopes—which are so important a part of the earth’s mammalian 
fauna to-day. 

Finally, we have with the increasing elevation of late Miocene 
and Pliocene, especially in central Asia, the culmination of the 
evolution of the various races of mammals which man has adopted 
as his fellow-workers—the domestic animals. And not only were 
the wolves and cats, the cattle, buffalo, sheep, and goats, the horses 
and camels, and all the host of the friends of man here finally 
evolved, but man himself, as a response to the same series of geo- 
logic changes by which the others were brought to their final frui- 
tion. For variation in amount of moisture and increased cold in 
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the north land, with the consequent restriction of tropical forests, 
brought the primates south, and still further cold and aridity re- 
duced to residual tree-clad areas the forests within which dwelt 
the pre-human. These areas were finally destroyed, or at any 
rate so changed in their old tropical prodigality that the human 
precursor, as a means of preservation, descended from the trees and 
became man. 

Increasing severity of climate during the periods of glacial ad- 
vance had a profound influence upon primal man, necessitating 
clothing and a search for and adaptation to diverse sorts of food. 
Man thus became in a large measure independent of climate and 
this was his first conquest of the forces of nature, a conquest which 
has led to others, so that now he has not only become the dominant 
form of animate creation, but has subjected to his will many of the 
very forces which through long ages have stimulated his evolution. 

Thus time has wrought great changes in earth and sea, and these 
changes, acting directly or through climate, have always found 
somewhere in the unending chain of living beings certain groups 
whose plasticity permitted their adaptation to the newly arising 
conditions. The great heart of nature beats, its throbbing stimu- 
lates the pulse of life, and not until that heart is stilled forever will 
the rhythmic tide of evolution cease to flow. 
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Cheeta, 565, 571 

Chelidon urbica, 362 

Chelone imbricata, 321 * 

Chelonia, 38, 497 

Chest, of aquatic types, 324 

Chevrotains, 119 

Chickens, 232, 238 

Chickens, embryo of, 664 * 

Chimera affinis, 388 

Chimera colliet, 116 * 

Chimera monstrosa, 390 

Chimeeroids, 116 *, 385, 388 

Chimpanzee, 48, 187, 047, 650, 650 *, 675, 
678 * 

Chimpanzee, facial angle in, 658 *, 650 

China, zodgeographical realms repre- 
sented in, 63, 64 *, 65 

Chiromys, 643 

Chiromys madagascariensis, 643 * 

Chironectes, 288 

Chiroptera, 39 

Chirothrix, 357 

Chirothrix libanicus, 358 * 

Chlamydosayrus, 294, 298, 304, 501, 502 

Chlorophyl, 33 

Chlorophyl-bearing plants, 26, 41 

Chero pus, 287 

Cholla, 398 

Cholepus, 339 *, 349, 345 

Chole pus didactylus, 341 * 

Chologaster cornulus, 376 

Chologaster papilliferus, 377 * 

Chordata, 37 

Chromatin, 10 

Chromatophores, 230, 425 

Chrondracanthus, 275 
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Chronology, geologic, 82, 85-86 

Chronology, of fossil man, 676 

Chrysalis stage, in insects, 441 

Chrysochloride, 289 

Chrysochloris, 289, 310, 312 *, 313 

Chryso pelea, 359 

Chubb, S. H., 609 

Cicada seplendecim, 210 

Cicadas, 442 

Cicadas, seventeen-year, 210 

Cicindelide, 444 

Cillian 23, 2451388 

Cilicia rubeola, 58 

Cimolestes, 546 

Circumcision, 168 

Cirripedia, 269 * 

Civets, 564 

Cladoselache, 412 

Clams, 36, 276 

Clarke, John M., 674 

Classes of animals, 30 

Classification of organ’sms, 29-47 

Classification of organisms, basis for, 153 

Classification of organisms, bionomic, 29 

Classification of organisms, kinds of, 29 

Classification of organisms, Lamarck’s, 11 

Classification of organisms, zodlogical, 29 

Clidastes, 332 * 

Climate, changes in, 83, 84, 89 

Climate, changes in, as cause of extinc- 
tions, 226 

Climate, effect of, on animals, 168 

Climate, effect of, on fresh waters, 479 

Climate, glacial, 89 

Climate, of Carboniferous, 456 

Climate, of Cretaceous, 89, 290 

Climate, of Devonian, 92, 486 

Climate, of Eocene, 54, 89, 612 

Climate, of Oligocene, 613 

Climate, of Permian, 457 

Climate, of Silurian, 89 

Climate, of Triassic, 89 

Climbing animals, see Adaptation, scan- 
Sorial 

Clover, four-leaf, 137 

Clupeiformes, 390 

Cobras, 236, 243 

Coccidz, see Insects, scale 

Cockroaches, 442, 444, 450, 456 * 

Cod, 103, 249 

Ceelenterata, 34 

Ceelurosauria, 504, 508 

Celurus, 505, 508 

Cenophlebia archidona, 242 

Canopus, 135 * 
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Cold, as characteristic of abyssal realm, 73 

Coleoptera, 442, 446, 450 

Colonial life, in ants, 257 

Colonial life, in bees, 254 

Colonial life, in desert forms, 406 

Colonial life, in termites, 251 

Coloradian epoch, 85 

Coloration, 229-240 

Coloration, cause of, 239 

Coloration, value of, 240 

Colors, acquired, inheritance of, 169 

Colors, aggressive, 232 

Colors, alluring, 232 

Colors, biological significance of, 231 

Colors, confusing, 232, 237 

Colors, indifferent, 231 

Colors, local, 232 

Colors, mimetic, 232, 236 

Colors, physical, 230 

Colors, production of, 229 

Colors, protective, 232 

Colors, red, in deep-sea fishes, 112 

Colors, seasonal, 232 

Colors, sexual, 232, 238 

Colors, signal and recognition marks, 232, 
236, 237 

Colors, standard faunal, 170, 234 

Colors, sympathetic, 232 

Colors, valuable, 232 

Colors, warning, 232, 235 

Columba livia, 128, 361 * 

Column, vertebral, 182 

Comanchian dinosaurs, 530 

Comanchian period, 85, 93 

Comb-jellies, 34 

Commensalism, 40, 248 

Communalism, 248, 251-261 

Communalism, in insects, 25r 

Communalism, in man, 261, 684 

Competition, 108 

Compromise School, rox 

Compsognatha, 504 

Com psognathus, 504, 505, 508 

Comstock, 446 

Conductivity in protoplasm, 21 

Condylarthra, 551, 552, 577 

Condylura, 311 

Conies, 135 *, 136, 578 * 

Conifers, 03 

Conjugation in cells, 26 

Conklin, E. G., 165 

Connecticut valley, 304, 413, 504, 508, 
518, 520 

Continental shelf, 68 *, 70, 71 

Contour, bodily, in aquatic types, 316, 323 
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Contour, bodily, in cave types, 370 Crocodilia, ancient, 407 
Contour, bodily, in cursorial types, 205 Crocodilia, distribution of, 52 
Contour, bodily, in fossorial types, 309 Crocodilia, sea-, 326, 329, 500 
Contour, bodily, in horses, 604 Crocodilus palustris, 514 
Contour, bodily, in scansovial types, 34¢ Cré-Magnon man, 676, 682, 683 *, 684 
Contour, bodily, in volant types, 349 Cross-breeding, 130, 131 
Convergences, in cave animals, 379 Crossopterygii, 480, 481, 482, 485, 486, 
Coérdination in protoplasm, 21 487, 488 
Coots, 329 Crustacea, 36, 47, 200, 221, 411, 438, 452, 
Cope, E. D., 84, 163, 164 178, 170, 180, 463, 478 
543; 552« Crustacea, parasitic, 274 
Copepods, parasitic, 274 Cryplocleidus, 327 * 
Coprolites, 415 Cry plolithodes, 241 
Corals, 34, 45, 57, 387, 463 Cry ploprocta, 564 
Corals, chain, 412 * Cry plopsaras couesii, 389 * 
Corals, polyps of, 34 Cryptozoic subrealm, 69 
Corals, rise of, 86 Ctenophora, 34 
Corals, stocks of, 34 Cuckoos, 62, 344 
Correns, 157 Cunningham, 166 
Coryphodon, 550*, 555, 556 *, 582 Curlew-sandpiper, 62 
Corythosdurus, 505, 522, 523 * °* Cursorial adaptation, see Adaptation, cur- 
Cotylosauria, 499, 500, 502 sorial 
Counterpoise in bipedal forms, 304 Cuttle-fishes, 421, 434 
Coutchiching period, 87 Cuvier, 5, 6, 12, 82, 438, 565, 646 
Coyotes, 30, 32, 285, 493, 405 Cycadcoidea ingens, 411 * 
Crab parasite, 267, 268 * Cycadeoidea superba, 411 * 
Crabs, 36, 241, 268 *, 388 Cycads, 93, 411 *, 412 
Crabs, hermit, 40 * Cyclostomata, 37, 224, 480 
Crabs, horseshoe, 36, 438, 468 * Cyne@lurus, 565, 571 
Crabs, land, 75, 477 Cynoce phalus, 646 
“Cradle of evolution,” 71 Cynodontia, 540 
Crampton, H. E., 102, 143 Cypris replans, 200 
Crangonyx, 378 Cyrtoceracone, 427, 420 
Crania, 219 Cyrtoceras, 218, 430 *, 431 
Craniata, 37 Cystoidea, 36 
Crayfish, 210 Cytoplasm, 19 
Crayfish, cave, 378 
Creation, 4 Dactylo plerus, 3 56 
Creation, Special, 3, 4, 7, 8 Dactyloplerus volitans, 357 * 


Creations, successive, repopulation by, Daggett, F. S., 572 
Dall, W. H., 164 


3,6 
Creator, 4, 5,9 Dana, We D., 58 
Creodonta, 209, 343, 551, 553 *) 558 Danais archip pus, 244 


Daphenodon superbus, 637 


Cretaceous birds, 536 0 
Darwin, Charles, 9, 10,112, 13, 77, 100, 


Cretaceous dinosaurs, 530 


Cretaceous-Eocene cold climate, 89 LOL, 103) 164) TOS, Li2y is, Toryer2e, 
Cretaceous period, 83, 85, 93, 94 128, 120, 142, 164, 279, 604 
Cretaceous period, climate of, 89, 200 Darwin, Erasmus, 9, 10, 12, 16, 163 
Crickets, 119, 120, 123, 450 Darwinism, 7, 102, 170 
Crickets, cave, 374 Date palm, 394 
Crickets, mole-, 443, 445 * Davenport, 159 
Crinoidea, 36, 45, 57, 176, 387, 463 Dean, Bashford, 412, 485 

Death, 211 


Crioceras, 432 
Cristaiclla, 46 Death, simulation of, 245 


‘Crocodilia, 38, 56, 76, 182, 500, 502, 513 Decapoda, 388, 428, 433 
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Deep-sea adaptation, see Adaptation, deep- 
sea 

Deep-sea animals, age of, 74 

Deep-sea animals, colors of, 385 

Deep-sea animals, eyes of, 386 

Deep-sea animals, frailness of, 385, 390 

Deep-sea animals, masticatory powers of, 
386 

Deep-sea animals, size of, 391 

Deep sea, bionomic features of, 382 

Deep sea, distance to which light pene- 
trates in, 382 

Deep sea, extent of, 381 

Deep-sea fauna, 384 

Deep-sea fauna, adaptive characters of, 
385 

Deep-sea fauna, invertebrates, 387 

Deep-sea fauna, origin of, 384 

Deep-sea fauna, summary of, 387 

Deep-sea fauna, vertebrates, 388 

Deep-sea fauna, vertical distribution of, 
386 

Deep-sea fishes, 112, 171, 231, 389 * 

Deep-sea fishes, care of young in, 386 

Deep-sea fishes, phosphorescence in, 386 

Deep-sea fishes, tactile organs in, 386 

Deep sea, food supply in, 384 

Deep sea, intense cold of, 381 

Deep-sea life, 381-392 

Deep-sea life, environment of, 381 

Deep sea, physical characteristics of, 381 

Deep sea, pressure in, 382 

Deep sea, slowness of movement of, 381 

Deer, 31, 30, 57, 59, 110, 121, 180, 222, 
238, 285, 306, 580, 615, 626, 690 

Deer, distribution of, 52 

Deer, fallow, 234 

Deer, Irish, 136, 176, 178, 223, 416 

Deer, musk, 109, 292 

Deer, red, 626 * 

Deer, Virginia, 234, 236 

Degeneracy, 113, 223, 262-278 

Delage, 147, 201, 202 

Delphinus, 333 

Dendrohyrax, 341, 342 

Dendrolagus, 281 

Dendrolagus ursinus, 281 * 

Dentition, see Teeth 

Depauperation, in cave animals, 379 

Depéret, 5, 6 

Descartes, 8 

Desert adaptation, see Adaptation, desert 

Desert animals, characterized by speed, 
300 

Desert animals, colonial life among, 406 
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Desert animals, color of, 402 

Desert animals, defense of, against sand, 
4OL 

Desert animals, defense of, against tem- 
perature extremes, 400 

Desert animals, intelligence in, 405 

Desert animals, lack of perspiration in, 397 

Desert animals, moisture-conservation in, 
396 

Desert animals, moisture-getting in, 394 

Desert animals, senses in, 405 

Desert animals, speed of, 404 

Desert animals, venom in, 403 

Desert, as barrier to dispersal, 52 

Desert, characteristics of, 393 

Desert communities, origin of, 406 

Desert, extent of, 393 

Desert life, 394-408 

Desert life, origin of, 407 

Desert life, summary of, 407 

Desert plants, anchorage of, 397 

Desert plants, avoidance of evaporation 
in, 396 

Desert plants, chemical characteristics of, 
399 

Desert plants, form of, 397 

Desert plants, hairiness of, 397 

Desert plants, means of defense in, 397 

Desert plants, moisture-conservation in, 
395 

Desert plants, moisture-getting in, 394 

Desert plants, spinescence in, 398 

Desis, 76 

Determinants, 140 

Devonian fishes, 486 

Devonian footprints, 486, 488 *, 480, 490, 
491 

Devonian period, 83, 86, 91, 92 

Devonian period, climate of, 92, 486 

Diabrotica soror, 135 

Diadiaphorus, 177 * 

Diatom ooze, 383 

Dibelodon, 53, 592, 597, 601 

Dibelodon andium, 598 

Dibranchiata, 428, 433 

Diceratops, 528 

Didelphodon, 546 

Didelphis marsupialis, 287 * 

Didelphis virginiana, 245 

Digestion, 25 

Digits, in scansorial types, 343 

Digits, loss of, in cursorial forms, 298 

Digits, modification of, in fossorial forms, 
Bons 

Digits, reduction of, in arboreal forms, 345 
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Dimorphic species, 244 

Dingo, 108, 227, 228, 289 

Dinictis, 568 *, 5609, 570 * 

Dinoceras, 556 *, 558, 56y, 581 

Dinoceras mirabile, 557 * 

Dinocerata, 557 * 

Dinosauria, 38, 182, 184, 203, 220, 222, 
224, 204, 207, 208, 303, 304, 335, 436, 
497, 500, 501-517 

Dinosauria, amphibious, 690 

Dinosauria, ancestral stock of, 502 

Dinosauria, armored, 176, 522 

Dinosauria, beaked, 518-528 

Dinosauria, bipedal, origin of, 689 

Dinosauria, carnivorous, 509, 512 

Dinosauria, classification of, 504 

Dinosauria, Comanchian, 530 

Dinosauria, contrast of phyla of, 505 

Dinosauria, Cretaceous, 530 

Dinosauria, distribution of, 503 

Dinosauria, duck-billed, 521 

Dinosauria, duration of, 503 

Dinosauria, extinction of, 531, 690 

Dinosauria, habitat of, 503 

Dinosauria, habits of, 504 

Dinosauria, horned, 176, 526 *, 527 

Dinosauria, living relatives of, 502 

Dinosauria, place of, in nature, 5or 

Dinosauria, predentate, 537 

Dinosauria, rise of, 85 

Dinosauria, sauropod, 176 

Dinosauria, size of, 504 

Dinosauria, summary of, 5209 

Dinosauria, Triassic, 529 

Dinosauria, unarmored, 523, 531 

Dinosaurs, Age of, sot 

Dinotherium, 580, 592, 594, 595 *, 596 

Dinotherium giganleum, 5905 * 

Dinotherium gigantissimum, 505 

Diplocynodon, 546, 547 * 

Diplocynodon victor, 546 * 

Ee heen sy 184-186, 224, 335, 504, 505, 
514, 515", 516, 517 

Diplodocus Garnegs jet, 184 * 

Diploé, 582, 587 * 

Dipnoi or Dipneusti, 37, 75, 480, 482%, 
483, 485, 486, 487, 488 

Diptera, 442, 443, 440, 456 

Dipterus, 485 

Dipus, 305 * 

Disassimilation, 25 

Disasters, natural, 106 

Disease, bacteria of, 263 

Disease, germs of, 106 

Dismal Swamp fish, 376 
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Dispersal of animals, see Distribution 

Dissacus, 552 

Distinct creations, 6 

Distomum hepaticum, 271% 

Distribution of animals, barriers to, 40 

Distribution of animals, barriers to, cli- 
matic, 51 

Distribution of animals, barriers t, im- 
purity of seawater, 57 

Distribution of animals, barriers to, lack 
of salinity of seawater, 57 

Distribution of animals, barriers to, land 
masses, 57 

Distribution of animals, barriers to, large 
bodies of water, 54 

Distribution of animals, barriers to, topo- 
graphic, 49 

Distribution of animals, barriers to, vege- 
tative, 53 

Distribution of animals, bathymetric, 67— 

(Sr 

Distribution of animals, discontinuous, 48 

Distribution of animals, geographic, 48-66 

Distribution of animals, geological, 82-95 

Distribution of animals, kinds of, 48 

Distribution of animals, limited by food — 
supply, 54 

Distribution of animals, means of, 58 

Distribution of animals, means of, drift- 
wood, 50, 60 

Distribution of animals, means of, favor- 
ing gales, 60 

Distribution of animals, means of, land 
bridges, 58 

Distribution of animals, means of, natural 
rafts, 59, 60 

Distribution of animals, migrations, 62 

Distribution of animals, necessity for, 49 

“Divergence,” 279 

Dobson, 342 

Dodge, Col. R. 1., 249 

Dodo, 361 

Dedicurus, 527 

“Tyog-man,” 147, 666 * 

Dogs, 32, 39, 167, 170, 211, 285, 291, 207, 
290, 563 * 

Dollo, 485 

Dollopterus, 357 

Dolphins, 39, 79, 152 *, 177, 3 333 

Dolphins, round-headed, 330 * 

Domestic animals, 250, 671, 690 

Doryphora decemlineata, 109 

Draco, 340, 359 *, 358, 501 

Dragon-tflies, 442, 443, 448, 450 

Dragons, flying, 349, 350 *, 358, 350, 501 
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Driftwood, as means of dispersal, 59, 60 
Dromatherium, 544 

Dromatherium sylvestre, 544 * 
Dromocyon, 541, 552, 553 * 
Dromocyon vorax, 551 * 

Drummond, 254, 661, 665, 660, 667 
Dryolestes, 546 

Duck-bill or duck-mole, 288, 309 
Ducks, eider, 238 

Ducks, wood, 238 

Dugong, 286, 329 

Duikers, 209 

Dung-beetle, 123 

Dutch clover (Trifolium repens), 108 
Duvaucel, 649 


Eagles, 210 

Ears, in amphibious types, 325 

Kars, in aquatic types, 325 

Ears, in bats, 355 

Fars, in fossorial types, 310 

Earth, age of, 88 

Earthquakes, 106 

Earthworms, 36, 150, 466 

Earwigs, 442, 456 

Eaton, G. F., 360 

Eccles, R. G., 262, 264 

Echidna, 38, 309 

Echinodermata, 35, 46, 387, 476 

Echinodermata, larval, 475 * 

Echinodermata, rise of, 86 

Echinoidea, 35, 57, 463 

Eciton, 258 

Ectoparasites, 263 

Edaphosaurus, 221, 497 

Edaphosaurus cruciger, 498 * 

Edentata, 39, 559 

Edentata, fossorial, 308 

Fel-like form, as sign of degeneracy, 224 

Eels, 75, 80, 317, 390, 405 

Eels, ‘‘gulper,” 223 

Egg, 202 

Eigenmann, C. H., 122, 126, 169, 376, 380 

Eimer, 135, 164 

Elands, 209 

Elapide, 243 

Elaps, 243 

Elasmobranchii, 37, 388, 480 

Elephants, 39, 48, 51, 53, 57, 62, 103, 105, 
186, 221, 250, 251, 307, 311, 560, 575, 
577-003 

Elephants, African, 51, 168, 221, 334%, 
335, 580, 581 *, 582, 584, 585, 587 *, 
603 * 

Elephants, age of, 208, 210 
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Elephants, anatomy of, 579-587 
Elephants, ancestry of, 593-603 
Elephants, archaic characters of, 579 
Elephants, Asiatic, see Elephants, Indian 
Elephants, brain of, 585, 659 
Elephants, Columbian, 113, 136, 178, 601 
Elephants, dentition of, 582, 583 *, 585 *, 
588, 590 * 
Elephants, dwarf, 167, 227 
Elephants, early Tertiary, 503 
Elephants, embryonic, 586 *, 587 
Elephants, evidences for evolution of, 587 
ontogenetic, 587 
phylogenetic, 588 
Elephants, evolution of head and molar 
teeth in, 590 * 
Elephants, fore foot of, 580 * 
Elephants, imperial, 335, 601 
Elephants, Indian, 51, 582, 584, 585, 602 
Elephants, limbs of, 581 
Elephants, living, 602 
Elephants, lower jaw of, 589 
Elephants, mentality of, 585 
Elephants, molar tooth succession in, 583 
Elephants, neck of, 58r 
Elephants, phylogenetic changes in, 588 
size, 588 
dentition, 588 
tusks, 589 
proboscis, 591 
lower jaw, 589 
Elephants, phylogeny of, 592 
Elephants, place of, in nature, 577 
Elephants, proboscis of, 582, 59r 
Elephants, senses of, 587 
Elephants, size of, 580, 588 
Elephants, skeletal structures of, 580 
Elephants, skull of, 582, 583 * 
Elephants, specializations of, 580 
Elephants, true, 500 
Elephants, tusks of, 584, 580 
Llephas, 53, 416, 583, 588, 580, 590 *, 592 
Elephas antiquus, 581, 601, 679 
Elephas columbi, 60%, 675 
Elephas imperator, 53, 221, 600 *, 604 
Elephas indicus, 580*, 583 *, 585 *, 602, 
603 * 
Elephas maximus, 602 
Elephas meridionalis, 221, 581, 60 
Llephas primigenius, 292, 410 *, 580, 601, 
602 * 
Elk, 209 
Elotheres, 626 
““Embranchement,”’ 279 
Embryonic stage, in life cycle, 203 
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Embryos, vertebrate, 663 *, 664 * 
Emergence of terrestrial vertebrates, 477 


Emergence of terrestrial vertebrates, 
cause of, 477 
Emergence of terrestrial vertebrates, 


cause of, enemies in the water, 477 
food on the lands, 478 
lure of atmospheric oxygen, 478 
recurrence of unfavorable environment, 
478 

Emergence of terrestrial vertebrates, time 
of, 486 

Emery, 126 

Empedocles, 6, 7 

Endoceras, 429, 430 

Endoparasites, 263 

Enhydris, 78 

Enteropneusta, 475 

Environment, changes in, as cause of ex- 
tinction, 226 

Environment, unfavorable, as cause of 
vertebrate emergence, 478 

Eoanthropus dawsoni, 681 

Eocene camels, 633 

Eocene epoch, 58, 83, 85, 04 

Eocene epoch, climate o!, 54, 290, 612 

Eocene horses, 179, 612 

Eocene primates, 53 

Eohippus, 610, 611, 612 * 

Ephemerida, 441, 456 

Epthippus, 611, 613, 635 

Epochs, names of, 83 

Equidez, see Horses 

Equus, 292, 611, 619 

Equus africanus, 622 

Equus asinus, 131, 623 

Equus caballus, 131, 209 *, 302 *, 608 * 

Equus hermonius, 622 

Equus leidyi, 675 

Equus onager, 285, 302 

Equus scotti, 619 *, 621 * 

Eras, 83 

Eremias, 405 

Erethizon, 342 

Ergasilus, 274, 275 * 

Erinaceide, 285 

Erinaceus, 285 

Ermine, 233 

Eschatius, 634, 639 

Eskimo, 683 

Esociformes, 390 

Eternity of present conditions, theory of, 3 

Ethiopian zodgeographical realm, 52, 63, 
64 *, 65 

Eubleptus danielsi, 455 * 
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Eucopepoda, 275 * 

Eudorina, 196, 197, 199 

Eudorina elegans, 197 * 

Euglena viridis, 42 

Eupagurus constans, 40 * 

Eupetaurus, 363, 364 

Euproctis chrysorrhea, 110 

Euprotogonia, 554 

Eurasian zoégeographical realm, 52 

Europe, fossil man in, 675 

Europe, zoégeographical 
sented in, 63, 64 * 

Eurypterids, 453, 460 * 

Euryplerus fischeri, 469 * 

Eusmilus, 569 

Eutheria, 38 

Evans, A. H., 350 

Evaporation, avoidance of, 
forms, 306 

Evolution, factors of, 99 

Evolution, History of, 3 

Evolution, Inorganic, 6 

Evolution, law of irreversibility of, 280, 
DOD 72 

Evolution, Organic, 3 

Evolution, Organic, theory of, 6 

Ewart, J. C., 148 

Excretion, 25 

Exocetoides, 357 

Exocetus, 355 

Exocetus spiloplerus, 356 * 

Extinction, 224-228 

Extinction, causes of, 225 

Extinctions, wholesale, 95 

Eyes, in amphibious types, 325 

Eyes, in aquatic types, 316 

Eyes, in cave animals, 378 

Eyes, in deep-sea animals, 386 

Eyes, in fossorial types, 310 

Eyes, in volant forms, 355 


realm repre- 


in desert 


Families, of organisms, 30 

Fat, layer of, in aquatic mammals, 331 
Faunas, marine, first known, 86 
Fayiim, 593 
Feather-stars, 36 
Feathers, 350, 352 
Feet, in aquatic types, 329 
Feet, in cursorial types, 206 
Feet, in desert forms, 405, 627 
Feet, in fossorial types, 311 
Feet, in scansorial forms, 342 
Feet, non-prehensile, 342 
Feet, of artiodactyls, 626 * 
Feet, of camels, 632 * 
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Feet, of elephants, 580 * 

Feet, of Eohippus, 612 * 

Feet, of Hipparion, 610 * 

Feet, of Hypohippus, 615 * 

Feet, of man, 655 

Feet, of marsupials, 281 * 

Feet, of Mesohippus, 614 * , 

Feet, of moles, 312 * 

Feet, of Phenacodus, 554 * 

Feet, of Pliohippus, 617 * 

Feet, of pseudo-horses, 177 * 

Feet, of rhinoceros, 298 

Feet, of salamander, 490 * 

Feet, of woodpecker, 345 * 

Feet, postures of, 297 * 

Feet, prehensile, 343 

Feet, reptilian, 480 * 

Feet, unprogressive, as cause of extinction, 
227 

Felidex, see Cats 

Felinz, 565, 560 

Feline, dentition of, 566 

Feline, jaws of, 569 

Feline, skulls of, 568 * 

Felis, 566 *, 568 *, 560, 571, 572 

Felis atrox, 572 

Felis caffra, 565 

Felis concolor, 565 

Felis domestica, 563 * 

Felis leo, 565 

Felis onca, 565 

Felis pardus, 565 

Felis tigris, 565, 567 

Felis uncia, 565 

Fere, 32 

Ferns, modern, 93 

Fever, East Coast, 265 

Fever, malarial, 269 

Fever, quatrain, 269 

Fever, tertian, 269 ‘ 

Fever, Texas, 264 

Fins, caudal, in marine mammals, 329 

Fins, paired, 317 

Fins, paired, primitive function of, 318 

Fins, unpaired, 317 

Fins, unpaired, loss of, in emerging verte- 
brates, 487 

Fireflies, 123 

Fishes, 37, 44, 122, 210, 249, 316, 463, 461, 
465, 478, 486 

Fishes, air-breathing, 479 

Fishes, anadromous, 55 

Fishes, armored, 37 

Fishes, armored, rise of, 86 

Fishes, catadromous, 55 
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Fishes, cave, 122, 376, 377 * 

Fishes, chimeroid, 116 *, 385, 388 

Fishes, deep-sea, 112, 171, 231, 386, 389 * 

Fishes, dipnoan, 37, 75, 480, 482 *, 483, 
485, 486, 487, 488 

Fishes, embryos of, 663 * 

Fishes, first known, 91, 462 

Fishes, flying, 81, 347, 355, 356%, 357 *, 
358 *, 367, 478 

Fishes, fresh-water, 478 

Fishes, fresh-water, distribution of, 54 

Fishes, ganoid, 37, 489, 485 

Fishes, in relic seas, 79 

Fishes, lung-, 37, 75, 86, 219, 224, 480, ° 
482 * 

Fishes, lung-breathing, 542 

Fishes, migrations of, 62, 79, 465 

Fishes, modern bony, 38 

Fishes, pipe-, 117 

Fishes, scansorial, 337 

Fishes, shark-like, 92, 116 

Fishes, stickle-back, 172 * 

Fishes, teleost, 38, 224, 470, 481 

Fissipedia, 562 

Fittest, Origin of the, 7 

Fittest, Survival of the, 7 

Flachsee, 68 *, 70, 71, 73 

Flagella, 33 

Flatworms, 34, 271 

Fleas, 276, 442 

Flies, 442, 456 

Flies, house-, 167, 200 

Flight, classification of, 347 

Flight, origin of, 532 

Flight, origin of, arboreal, 534 

Flight, origin of, cursorial, 533 

Flight, origin of, Gregory’s theory of, 535 

Flight, passive or gliding, 347 

Flight, true, 347 

Floras, coal, 92 

Floras, land, first known, 86, 92 

Floras, modern, 93 

Floras, Permian, 93 

Florida, fossil man in, 674 

Flounders, 165 *, 166 

Flower and Lydekker, 315, 620, 646, 654 

Flower-flies, 244 

Fluctuations, 136 

Food, in caves, 379 

Food on lands, as cause of vertebrate 
emergence, 477 

Food supply, effect of, on growth, 167 

Food supply, influence of, on distribution, 
54 

Food supply, of organisms, 26 
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Food vacuoles, 23 

Footprints, earliest known vertebrate, 
486, 488 *, 480 

Footprints, fossil, 414 *, 490 

Footprints, fossil, of amphibia, 491 

Footprints, fossil, of dinosaurs, 504 

Foraminifera, 33, 44, 57, 383 

Forbes, E., 73 

Fore limbs, see Limbs, fore 

Formica rufa, 259 * 

Forms suspended beneath branches, 340 

Forms swinging by fore limbs, 340 

Fossa, 564 

Fossil fields, Tertiary, 415 

Fossilization, conditions for, 415 

Fossils, 89, 409-420 

Fossils, actual preservation, 409 

Fossils, definition of, 409 

Fossils, field technique, 417 

Fossils, footprints and trails, 414 * 

Fossils, frozen in ice, 409 

Fossils, natural moulds, 413 

Fossils, nature of, 409 

Fossils, petrifaction, 411 

Fossils, preserved in amber, 410, 411 * 

Fossils, significance of, 419 

Fossils, subsequent vicissitudes, 417 

Fossorial adaptation, see Adaptation, 
fossorial 

Fowls, 150, 238 

Fowls, jungle, 238 

Foxes, 30, 32, 285, 563 

Foxes, Arctic, 233 

Free-living organisms, 39 

French Guiana, mammoth tooth in, 53 

Frigate-bird, 76 

Frogs, 38, 51, 55, 76, 115, 117, 201, 205, 
206, 214 *, 215, 487 

Frogs, tree-, 342, 358 * 

Functional disuse, inheritance of results 
of, 155 

Fundy, Bay of, tides in, 70 

Fungus, microscopic, 27 

Fungus, symbiotic, 42 


Gadiformes, 390 

Gadow, 50, 51, 55, 60, 117, 164, 342, 375; 
376, 402, 405 

Galago, 342 

Galago garnelli, 346 

Galapagos sea-lizard, 77, 319, 320 *, 501 

Galapagos tortoises, 100 

Galeopithecus, 286, 340, 349, 351 *, 364, 
306 

Galeopithecus philip pinensis, 366 


Ue ihe 


Galeopithecus volans, 351 *, 366 

Gall-flies, 442 

Gall-wasps, 200 

Galton’s law of heredity, 156 

Galveston, damage to, by storm, 106 

Gamble, F. W., 233. 

Ganoidei, 37, 480, 485 

Ganoidei, fringe-finned, 480 

Garpikes, 55, 230 

Gaskell, 469 

Gasterosteus cataphracius, 172 * 

Gastro pelecus, 356 

Gastropoda, 36, 75, 217, 221, 388, 478 

Gastrostomus bairdii, 389, 390 

Gastrula, 204 * 

Gayal, 31 

Gazelle-camels, 634, 636 

Gazelles, 234, 399, 402, 405 

Geckoes, 60, 339, 342, 405, 500, 501 

Geckoes, flying, 359 * 

Gegenbaur, C., 451 

Geikie, A., 88, 409 

Gemmules, 143 

Genera, 30, 31 

Genesis, 4 

Genets, 563 *, 564 

Genella ligrina, 563 * 

Genus, 33 

Genyodecles, 224 

Geobiotic realm, 67, 60 

Geologic chronology, 82, 85-87 

Geologic history, compared with human, 
go 

Geologic history, summary of, 90-95 

Geologic time scale, 84, 85-87 

Geometrid moths, 241 

Geometrid moths, larva of, 214, 215 * 

Geo-plankton, 44 

Geosaurus, 326, 329 * 

Germ-plasm, 146 

Germ-plasm, continuity of, 144 * 

Germ-plasm theory, Weismann’s, 143 

Ghor-khar, 285 

Gibbons, 186, 187, 330, 342, 647, 648*, 
672, 075 

Gibbons, locomotive powers of, 649 

Giganto plerus, 357 

Gigantosaurus, 505, 516 

Gila monster, 235, 403, 405 

Gill-breathing, 494 

Gills, internal, loss of, in emerging verte- 
brates, 490 

Gills, tracheal, 447, 448 * 

Ginkgoes, 93 

Giraffe camels, 637 
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Giraffes, 177, 209, 581, 626, 638, 639 

Glacial period, 85, 89 

Glaciation, Permian, 307 

Glaciation, Pleistocene, 89 

Glaciation, Proterozoic, 89 

Glands, ductless, 125 

Glands, Jiver, 125 

Glands, pancreatic, 125 

Glands, reproductive, 126 

Glands, salivary, 125 

Glands, salivary, loss of, in aquatic types, 
331 

Glands, skin, loss of, in aquatic types, 331 

Glands, spleen, 125 

Glands, suprarenal, 125 

Glands, thymus, 125 

Glands, thyroid, 125 

Glaucus, 235 

Globice phalus, 152 *, 330, 333 

Globigerina, 219, 383 

Globigerina ooze, 383 

Gnu, 41, 250 

Goats, 120, 137, 227, 626 

Gobi Desert, 400 

Goethe, 12, 665 

Gomphotherium, 634, 635 

Gondwana land, 56 

Goniatoids, 431 *, 432 

Gonium, 169, 199 

Gonium pectorale, 196 * 

Goose-barnacle, 47 

Goose, wild, 61 

Gophers, 286 

Gophers, pocket-, 310, 311 

Gourd, wild, 395 

Gorilla, 48, 187, 208, 221, 647, 651 *, 651, 
656 *, 673, 675 

Gorilla, 647 

Gorilla gorilla, 651 *, 651 

Grabau, A. W., 43, 46, 58, 217, 388 

Grallator, 508 

Grant, Madison, 654 

Grasshoppers, 232, 442, 456 

Graviportal adaptation, 300 *, 301 

Greasewood, 399 

Great Barrier Reef, 58 

Greek explanations of Evolution, 7 

Greek theories, 6 

Greeks, 6, 7 

Greenland, zoégeographical realm repre- 
sented in, 63 

Gregarious animals, 46, 248-251 

Gregory, W. Ks, 224, 535, 642, 651, 652, 
653, 671 

Grenville period, 87 
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Grimaldi race, 683 

Gronias nigrilabris, 376 
Ground-sloths, 59, 187 
Growth, explanation of, 22 
Growth, protoplasmic, 21 
Grubs, white, 445 
Gryposaurus, 523 * 
Guanacos, 107, 631 * 
Glinther, A. C., 231, 385, 386 
Guinea hen, 127 
Guinea-pigs, 159, 160 

Gulf sea-weed, 47 

Gulls, 76, 235 

“Gunda,” 586 

Gurnets, flying, 357 * 
Gymnophiona, 38, 215, 217 
Gymnura, 285 * 
Gypsy-moth, 110, 119, 125 
Gyroceracone, 427, 429 
Gyroceras, 218, 430 *, 431 


fladrosaurus, 522 

Haeckel, E., 46, 164, 213, 540 
Haeckel, biogenetic law of, 213 
Hag-fishes, 37, 277 

Hair, loss of, in aquatic types, 331 
Halicore, 329 

Halictus, 255 

Halobiotic realm, 68, 70 
Halo-plankton, 43 

Halysiles catenulatus, 412 * 
Hamites, 432 

Handlirsch, A.; 452, 454, 458 
Hapalemur griseus, 346 
Hapalide, 642, 644 

Hares, 39, 311 

Hares, European, 234 

Hares, varying, 233, 234 
Harpagolesies, 558 
Harrimania, 474 

Harriotta, 390 

Harte, Bret, 674 

Hatcher, J. B., 107 

Halterta, 219, 221, 226, 662 
Hawaiian land snails, roo 
Heartsease (Viola tricolor), 108 
Heat, degree of, as barrier to dispersal, 51 
“Heatherbloom,” 606 

Hebrew tradition, 4 

Hebrews, racial purity of, 100 
Hedgehogs, 39, 285, 310 

Heer, O., 561 

Heidelberg man, 676, 677, 678 * 
Heilprin, A., 51, 56, 57, 60 
Heliconiid, 246 
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Hemichorda, 37 

Hemiptera, 442, 446, 450, 456 

Heredity, 99, 142-162 

Heredity, definition of, r42 

Heredity, Galton’s law of, 156 

Heredity, latent qualities, 146 

Heredity, laws of, 156-162 

Heredity, Mendel’s law of, 157 

Heredity, physical basis of, 142 

Heredity, potent qualities, 146 

Hermaphroditism, 150, 267 

Herons, 250 

Herpestes griseus, 11 

Herring, 62, 79, 103, 249 

Hesperornis, 77, 537 

Hesperornis crassipes, 537 * 

Hesperornis regalis, 537 * 

Heteroceras, 431 *, 432 

Heterodon, 243, 310 

Heteropods, 44 

Heterosomata, 165 

Hexapoda, 36 

Hibernation, 314 

Himalayas, as faunal barriers, 50, 63 

Hind limbs, see Limbs, hind 

Hindoo fakirs, 155 

Hinny, 130 *, 131 

Hipparion, 283, 611, 615, 617, 618, 610 *, 
620 * 

Hipparion gracilis, 618 

Hipparion whitneyi, 617, 618 

Hippidion, 402, 611, 618, 620 * 

Hippocampus, 117 * 

Hippolyte, 233 

Hippopotamus, 78, 221, 325, 550* 

Histometabasis, 412 

Hogs, embryo of, 664 * 

Hogs, wild, 177 

Holarctica, 65, 290, 561, 610, 670 

Holoptychius, 481 

Holothuroidea, 35, 387 

Hominide, 652, 653, 675 

Homo, 653 

Homo dawsont, 681 *, 682 

Homo heidelbergensis, 677 

Homo neanderthalensis, 676 *, 679 *, 680 *, 
682 * 

Homo primigenius, see II. neanderthalensis 

Homo sapiens, 136*, 302*, 653, 655%; 
676 *, 678 *, 680 *, 681, 682, 683 * 

Hoofed animals, 39 

Hooker, J., 14 

Hoplophoneus, 568 *, 560, 570, 572 * 

Hornaday, W. T., 240, 514 

Hornets, 235 
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Horns, 177 

Horns, rudimentary, 153 

Horses, 32, 39, 50, 131, 132, 134, 136, 147, 
148, 153, 155, 156, 177, 178, 179, 180, 
210, 211, 224, 226, 231, 234, 251, 200, 
202, 295, 296, 207, 208, 209 *, 300, * 
301, 302 *, 306, 560, 589, 581, 604-624, 
625, 670, 690 

Horses, adaptations of, 604 

Horses, American Miocene, distribution 
of, 283 7 

Horses and man, 623 

Horses, Arab, 622, 623 

Horses, bodily contour of, 604 

Horses, brain of, 609 

Horses, Celtic pony, 622 

Horses, ‘‘desert,”’ 617 

Horses, Eocene, 612 

Horses, evolution of, 604 

Horses, evolutionary summary of, 610 

Horses, extinction of, in North America, 
620 

Horses, feral, 611 

Horses, “‘forest,”’ 615 

Horses, limbs and feet of, 604 

Horses, living, 621 

Horses, mentality of, 609 

Horses, Miocene, 614 

Horses, Mongolian, 621 

Horses, Norse yellow dun pony, 622, 623 

Horses, Oligocene, 613 

Horses, paleontology of, 610 

Horses, Pampas, 620 * 

Horses, phylogeny of, 611 

Horses, place of origin of, 610 

Horses, Pleistocene, 619 

Horses, Pliocene, 618 

Horses, Prejvalski, 621, 623 

Horses, pseudo-, 177 * 

Horses, senses in, 609 

Horses, size of, 609 

Horses, skull of, 606 

Horses, teeth of, 606, 607 *, 608 * 

Horses, Yale series of, 604, 610 

House-fly, 167, 209 

Howard, L. O., 439 

Hrdlicka, A., 675 

Von Huene, F., 502, 500, 532 

Von Humboldt, A., 362, 374 

Humming-birds, 230, 231, 659 

Huronian period, 87 

Hutton, J., 3, 348 

Huxley, T. H., 15, 17, 27, 104, 109, 186, 
532, 540, 604, 610, 648, 050, 660, 679 

Hyena striata, 563 * 
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Hyaenas, 105, 207 *, 564 

Hyenidae, 564 

Hyenodon, 552, 553 * 

Hyatt, A., 164, 213, 217 

Hybridizing, 130 

Hydra, 34 

Hydra viridis, 41 * 

Hydra, green, with symbiotic plants, 41 * 

Hydractinia sodalis, 40 * 

Hydrocarbons, 19 

Hydroids, 34, 45 *, 47, 387 

Hydroids, commensal, 40 * 

Hydrophilus triangularis, 449 * 

Hydrophine, 502 

Hydrozoa, 34 . 

Hylobales, 342, 647 

Hylobates lar, 648 * 

Hylopus hardingi, 401 

Hymenoptera, 251, 254, 442, 443, 444, 
456 

Hymenoptera, first, 457 

Hymenoptera, parasitic, 119, 262 

Hyperdactyly, 330 

Hyperotvdon, 333 

Hyperphalangy, 330 

Hypohippus, 224, 283, 208, 611, 615 

Hypohippus equinus, 615 * 

Hypohippus matthewi, 616 

Hypotheria, 540 

Hypsilophodon, 506, 521, 537 

Hyracoidea, 554, 577, 578 *, 579 

Hyracotherium, 610 

Hyrax abyssinicus, 578 * 

Hyrax capensis, 135 *, 136 

Hyrax, tree-, 342 


Ice, final retreat of, 95 
Iceland, zodgeographical 
sented in, 63 
Ichneumon-flies, 442 
Ichthyophys, 215 
Ichthyophys glutinosa, 216 * 
Ichthyornis, 537 
Ichthyosauria, 38, 44, 76, 183, 203, 225, 
ASiiys GON RY, BVI By, Selo, S775 
328 *, 330, 334, 355, 495, 497, 500 
Ichthyosaurus, 152 *, 153 
Ichthyosaurus platydactylus, 330 * 
Ichthyosaurus quadriscissus, 328 * 
Ichthyosaurus trigonus var. posthumus, 
328 * 
Idiacanthus ferox, 389 
Iguanodon, 505, 510, 520%, 521, 523 * 
Iguanodon bernissartensis, 520 * 
Immigration, repopulation by, 3, 5 


realm repre- 
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“Tmmortality,” 22 

Impurity of seawater, as barrier to dis- 
tribution, 57 

India, loss of life in, due to wild animals, 
105 

India, zodgeographical realm represented 
in, 64 *, 65 

Infusoria, 33 

Ingestion, 24 

Inheritance, biparental, 26 

Inheritance, of acquired characters, 143, 
155, 163-174, 188 

Inheritance, of instinct, 170, 236 

Inheritance, of results of functional disuse, 
155 

Inheritance, problem of, 142 

Inia, 333 

Ink-sac, of squid, 423 *, 424 

Insectivora, 39, 285%, 3390, 551, 560, 
669 

Insectivora, flying, 364 

Insectivora, fossorial, 308 

Insects, 36, 61, 92, 117, 120, 200, 226, 234, 
237, 238, 244, 350, 438-459 

Insects, adaptive radiation in, 442 

Insects, aérial adaptation in, 449 

Insects, ancestral stock of, 452 

Insects, aquatic adaptation in, 445-449 

Insects, classification of, 441 

Insects, cochineal, 439 

Insects, communalism among, 251 

Insects, cursorial adaptation in, 444 

Insects, definition of, 438 

Insects, evolution of, summary of, 457 

Insects, first with complete metamor- 
phoses, 457 

Insects, fossorial adaptation in, 444 

Insects, geological history of, 452 

Insects, habitat of, 440 

Insects, habits of, 440 

Insects, higher orders of, 457 

Insects, importance and numbers of, 
438 

Insects, leaf, 242 *, 442 

Insects, Mesozoic, 457 

Insects, metamorphosis in, 93, 440 

Insects, modern, rise of, 86 

Insects, Paleozoic, 455 * 

Insects, parasitic, 54, 274, 276 

Insects, place of, in nature, 438 

Insects, preserved in amber, 411 * 

Insects, primal, 454 

Insects, primitive, rise of, 86 

Insects, primitive stock of, 443 

Insects, saltatorial adaptation in, 444 
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Insects, scale, 46, 111, 118 *, 119, 151, 200, 
270, 442 

Insects, Tertiary, 457 

Insects, transitional orders of, 455 

Insects, walking-stick, 242, 442 

Insects, wings of, 152 * 


Insects, with complete metamorphosis, 
Are a 

Insects, with incomplete metamorphosis, 
442 


Instinct, inheritance of, 170, 236 
Integument, in aquatic types, 330 
Intelligence, see Mentality 
Intelligent design, 7 


Intermigrations, between — benthonic 
realms, 74 

Internal perfecting tendency, 7 

Interrelationships of organisms, with 


each other, 39 

Interrelationships of organisms, with the 
physical environment, 42 

Interval, Epi-Mesozoic, 85 

Interval, Epi-Neolaurentian, 87 

Interval, Epi-Paleolaurentian, 87 

Interval, Epi-Paleozoic, 86 

Interval, Epi-Proterozoic, 87 

Intussusception, 21 

Invertebrates, 150, 249 

Invertebrates, in deep-sea fauna, 387 

Ipnops, 390 

Trish deer, 136, 176, 178, 223, 415 

Irreversibility of evolution, law of, 280, 
2Oa. 57.2 

Irritability in protoplasm, 21 

Island life, restrictions of, 227 

Isolation, 100, 219 

Isoptera, 251 

Izuka, A., 103 


Jackals, 30, 32 

Jack-rabbit, 399, 405 

Jackson, R. T., 217 

Jacob the patriarch, 149 

Jaguars, 57, 226, 234, 565 

Jamaica, mongoose in, I1r 

Japanese Palolo worm, 103 

Jatropha, 396 

Java, fossil man of, 675 

Java, zodgeographical realm represented 
in, 64 *, 65 

Jeftichjew, Adrian, 147, 666 * 

Jellyfishes, 34 

Jellyfishes, planktonic, 43 * 

Jerboa, 209, 304, 305 *, 534 

Jordan, D. S., 79, 376 
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Jordan and Kellogg, 102, 129, 130, 149, 
156, 158, 162, 166 

Juglans californica, 131 

Juglans nigra, 13% 

“Jumbo,” 209, 334 *, 335, 581 *, 586 

June bug, 444 

Jungle fowl, 238 

Jungle, toll of, ros 


‘Jurassic birds, 536 


Jurassic period, 83, 85, 93 


Kadaliosaurus, 499 

Kallima, 113, 246 

Kallima paralecta, 242, 243 * 

Kammerer, 168 

Kangaroos, 39, 270, 281 *, 287, 303, 304, 
343 

Kangaroos, vermiform appendix of, 662* 

Kansas, fossil man in, 674 

Kant, E., 8 

Katabolism, 21, 25 

Katydids, 119, 120 

Keewatin period, 87 

Keith, A., 648, 652 

Kellogg, V. L., 121, 125, 127, 135, 130, 
TAT, 150, 173, 170; 178, 254,'250, 257, 
261, 430 

Kelvin, Lord, 88 

Keweenawan period, 87 

Kiang, 611, 622 

Kinetogenesis, 163, 179-189 

Kinetogenesis, objections to, 187 

King, Clarence, 88 

Kingdoms, of organisms, 29 

Kipling, Rudyard, 251 

Klipspringers, 297 

Koalas, 288, 343, 345 

Koodoos, 266 

Krakatoa, 106 

Kitikenthal, W., 153, 330 


Laban, 149 

Labyrinthodonts, 481 

Lac insects, 439 

Lady-bugs, 111 

Lake Champlain, 79 

Lake Nicaragua, 57 

Lake Onondaga, 79 

Lake Ontario, 79 

Lakes, salt, 390 

Lama, 627, 632 * 

Lama huanacus, 631 * 

Lamarck, 9, 10, 11, 12, 14, 143, 279, 408 
Lamarckian factor, 15, 174, 188, 687 
Lamarckism, 170, 173 
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Lamarck’s laws, 163 

Lampreys, 37, 45, 405 

Lamp-shells, 35 

Lance epoch, 85 

Lancelets, 37, 45, 202, 204 *, 460, 461 *, 
467, 408, 470, 471, 472, 473, 474, 470 

Land animals, 92 

Land bridge, isthmian, 53 

Land-bridges, 83, 84, 95 

Land bridges, as means of distribution, 58 

Land masses, as barriers to distribution, 
$7 

Laosaurus, 519 

Laramide Revolution, 85, 94 

Larve, definition of, 205 

Larvee, echinoderm, 475 * 

Larve, geometrid, 215 * 

Larva, May-fly, 448 * 

Larve, mero-planktonic, 47 

Larve, Tornaria, 475 * 

Lasius brupneus, 258 

Leaf chafers, 444 

Leaflessness, in desert plants, 396 

Leeches, 36 

Legless forms, 309 

Leibnitz, 8 

Lemmings, 234, 315 

Lemon-trees, 111 

Lemur, flying, 340, 349 

Lemur calta, 346 

Lemuroidea, 330, 342, 345, 340, 366, 569, 
642, 643, 643 *, 660 

Lena delta, 410 

Leopards, 234, 565 

Leopards, black, 231 

Lepas, 47 

Lepidoptera, 442, 443, 450, 450 

Lepidoptera, first, 457 

Lepidosiren, 483, 485, 486 

Lepidosiren, habits of, 485 

Lepisma, 441, 444 * 

Leptocephalus, 390 ‘ 

Leptothorax emersoni, habits of, 260 

Lepus timidus, 234 

Lepus variabilis, 234 

Lernea, 275 * 

Lesteira, 275 * 

Levy, 201 

Libelluline, 448 

Lice, 442, 456 

Lice, bird-, 40, 276 

Lice, corn-root, 258 

Lice, plant-, 139, 209, 442 

Lice, true, 276 

Lichens, symbiotic, 42 
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Life cycle, 26, 193-212 

Life cycle, adult stage, 207 

Life cycle, embryonic stage, 203 

Life cycle, post-embryonic life, 205 

Life cycle, stages in, 202 

Life, length of, 207. 

Life, origin of, 3, 687 

Life, physical basis of, 17, 27 

Life processes, 22 

Life, records of, 89 

Life-units, 140 

Light, absence of, characteristic of abyssal 
realm, 73 

Limax lanceolalus, 470 

Limb girdles, in scansorial forms, 341 

Limb proportions, 186 

Limbs, development of, in emerging verte- 
brates, 488 

Limbs, fore, in aquatic types, 329 

Limbs, fore, in cursorial types, 296, 200, 
Gale BB 

Limbs, fore, in fossorial forms, 311, 312 * 

Limbs, fore, vertebrate, 152 * 

Limbs, hind, in aquatic types, 324, 327, 
320, 330 

Limbs, hind, in cursorial types, 290 

Limbs, hind, in fossorial types, 313 

Limbs, hind, in horses, 290 * 

Limbs, hind, traces of, in foetal whales, 330 

Limbs, hind, vestigial, in python, 153 * 

Limbs, in elephants, 581 

Limbs, in horses, 604 

Limbs, in man, 654 

Limbs, in Proboscidea, 581 

Limbs, in scansorial forms, 341 

Lime-secreting habit, origin of, 688 

Limenitis disippus, 244 

Limnobiotic realm, 68, 69 

Limnoscelis, 499 

Limnoscelis paludis, 499 * 

Limulus, 36, 453, 468 *, 469 

Lincoln, A., 13 

Ling, 103 

Lingula, 219 

Linnezus, 5, 8, 32, 104, 642 

Linophryne lucifer, 389 *, 390 

Lions, 112, 234, 238, 565, 575, 679 

Litopterna, cursorial, 295 

Little St. Bernard Pass, 51 

Littorina, 75 

Lituites, 430 *, 431, 433 

Liver, 125 

Liver-flukes, 271 

Living and lifeless matter 
17 


contrasted, 


INDEX 


Living environment, changes in, as causes 
of extinction, 226 

Lizards, 38, 56, 203, 230, 238, 245, 204, 
303, 304, 300, 349, 401, 407, 500, 5OI 

Lizards, Australian frilled, 294, 208, 304, 
501, 502 

Lizards, desert, 405, 505 

Lizards, flying, 358 

Lizards, Galapagos, 77, 319, 320 *, sor 

Lizards, northern limit of, 52 

Lizards, sea-, 500 

Llama, 31, 62, 626, 627, 631 

Lobosa, 33 

Lobsters, 36, 388 

Lobsters, culture of, 105 

Loco weed, 399 

Locomotion, in aquatic forms, 317, 326 

Locomotion, in dragon-fly nymphs, 448 

Locomotion, in Paramecium, 24 

Locomotor organs, in squid, 424 

Locomotor organs, special, in male insects, 
119 

Locusts, 443 

Locusts, Rocky Mountain, 62 

Locusts, seventeen-year, 210 

Loeb, J., 171, 201 

Loess, fossils in, 416 

“Loess man,” 674 

Loligo, 421, 422 *, 428, 436 

Loligo peali, 421 

London, Jack, 667 

Longevity, recorded instances of, 210 

Loomis, F. B., 574, 637 

Lorenz, Dr., 180 

Loris, 288 

Loxodonta, 589, 592, 601 

Loxoodonta africana, 334*, 586%, 587 
603 * 

Loxomma, 491 

Lucas, F. A., 202, 360, 603 

Lull, R. S., 366, 680 

Lung-breathers, 318, 323, 542 

Lung-fishes, 37, 75, 210, 224, 480, 482 * 

Lung-fishes, rise of, 86 

Luray Cavern, 369 

Luray Cavern, flora of, 273 

Lydekker, R., 65, 285, 288, 366 

Lyell, Sir Charles, 14, 82 

Lynxes, 565 

Lytoceras, 432 


* 
, 


Mabuia, 401 
Macacus inuus, 647 
Macaques, 643, 646 
McCook, 259 
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McCracken, 162 

Macherodontine, 565, 575 

Macherodontine, dentition of, 567 

Macherodontine, jaws of, 569 

Macherodontine, skulls of, 568 * 
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Mammalia, egg-laying, 38, 280 

Mammalia, first deployment of, 94 

Mammalia, flying, 362 

Mammalia, fossorial, 308 

Mammalia, grazing, deployment of, 690 

Mammalia, higher, rise of, 85 

Mammalia, large, extinction of, 85 

Mammalia, Mesozoic, 65, 543 


714 

Mammalia, Mesozoic, characteristics of, 
$43 

Mammalia, Mesozoic, check on, 546 
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Mammoths, hairy, see Mammoths, woolly 

Mammoths, imperial, see Elephants, im- 
perial 

Mammoths, Siberian, 226, 292 

Mammoths, woolly, 601, 602 * 

Man, 39, 134, 136, 187, 226, 290, 206, 
302 *, 303, 641-686 
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Man, soft anatomy of, 654 

Man, specializations in, 655 

Man, tail in, 665 

Man, teeth of, 654, 657 

Man, Trenton, 674 

Man, variation in, 683 

Man, vermiform appendix in, 661, 662 * 

Man, vestigial muscle bands in, 662 

Man, vestigial organs in, 661 


INDEX 


Man-ape, transformation of, into man, 
85 

Manatee, 286, 304, 323, 577, 578* 

Manatee australis, 578 * 
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Marsupialia, cursorial, 295 

Marsupiatia, flying, 362 * 
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Mimicry, warning, 243 

Minas Basin, tides in, 70 
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Nythosaurus larvalus, 54% 


* 


* 


718 


Obelia, 45 * 
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Ornitholestes, 505, 512 * 
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Pancreatic juice, 125 

Pandorina, 196, 197 *, 199 
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Passeres, 537 

Patagium, 340, 365 

Patriofelis, 552, 553 *, 558, 562 
Patten, W., 469 
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Phenacodus primevus, 554 *, 555 * 

Phenacodus resartus, 552 * 

Philadelphia, Academy of Natural Sci- 
ences, 651 

Philippines, zodgeographical realm repre- 
sented by, 64 *, 65 

“Philosophie Zodlogique,” 10 

Phlaocyon, 564 

Phoca, 235 

Phocide, 331 

Phenix dactylifera, 394 

Pholidogaster, 491% 

Phora, 372 

Phosphorescence, in deep-sea fishes, 386 

Photostomias guernei, 380 * 

Phrynocephalus, 401, 402, 405 

Phyllium, 242 

Phylloceras, 431 * 

Phylogeny, 11 

Physeter, 201, 333 

Physeter macrocephalus, 325 

Phytosaurs, 325 

Picea succinifera, 410 

Pigeons, 128, 231, 232, 361 * 

Pigment, 229, 230 

Pigmentation, loss of, in cave animals, 378 

Pigs 2077, 626" 

Pigs, solid-hoofed, 137 

Pigs, wild, 105 
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Pilot-fish, 41 

Piltdown man, 676, 681 *, 682 

Pine, giant, 27 

Pinnipedia, 323, 324, 562 

Pipa americana, 117 

Pipe-fishes, 117 

Pirsson, L. V., 400 

Pisces, see lishes 

Pisum sallivum, 158 

Pithecanthro pus, 675, 676, 681 

Pithecanthropus erectus, 676 *, 676, 677 * 

Placenta, of marsupials, 286 

Placentalia, 551 

Placenticeras pacificum, 218 

Plagiaulacide, 551 

Plagiaulax, 545 

Plankton, 43 

Plankton, aérial, 44 

Plankton, geo-, 44 

Plankton, halo-, 43 

Plankton, marine, 43 

Plankton, mero-, 46, 73 

Plankton, pseudo-, 47 

Plant-lice, 139, 2009, 442 

Plants, 383 

Plants, assimilating, 73 

Plants, chlorophyl-bearing, 41 

Plants, coal, 92 

Plants, flowering, rise of, 85, 93 

Plants, land, first known, 91 

Plants, land, rise of, 86 

Plants, seed-bearing, 92 

Plasmodium, 269 

Plasmodium falciparum, 260 

Plasmodium malaria, 269 

Plasmodium vivax, 269 

Plate, 173,176 

Plateosaurus, 505, 500 

Platophrys pedas, 165 * 

Platyhelminthes, 34, 271 

Platypus, 309 *, 482 

Platyrrhini, 642, 644 

Pleistocene camels, 639 

Pleistocene epoch, 53, 83, 85, 05 

Pleistocene epoch, glacial climate in, 89 

Pleistocene epoch, migrations in, 53 

Pleistocene ground-sloths, 187 

Pleistocene horses, 620 

Pleistocene tortoises, 56 

Plesiosauria, 38, 44, 76, 183, 225, 323, 
327 *, 330 *, 497, 500 

Pleurocelus, 517 

Pliauchenia, 634, 639 

Pliocene camels, 630 

Pliocene epoch, 59, 83, 85, 05 
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Pliocene epoch, migrations in, 53 

Pliocene horses, 618 

Pliohippus, 611, 617, 618 * 

Pliohippus pernix, 617 * 

Podokesaurus, 304, 504, 508 

Podokesaurus holyokensis, 508 * 

Podura, 441% 

Poébrotherium, 632 *, 634, 635 

Poébrotherium labiatum, 635 * 

Pogonomyrmex, 259 

Polacanthus, 524 

Pole-cats, 564 

Polyergus, 258 

Polymastodon, 546 

Polyps, 34 

Polyplerus, 480, 486 

Polypterus bichir, 480 

Polypterus delhezi, 481 * 

Pompeii, 413 

Pozcupine, Canada tree-, 342 

Porifera, 34 

Porites, 58 

Porites limosa, 58 

Porpoises, 57, 79, 148, 286, 323, 324%, 
331, 335 

Port Kennedy Cave, 370 

Post-embryonic life, 205 

Post-glacial epoch, 85 

Potto, 345 

Pre-Cambrian time, 90 

Predentata, 505, 506, 507 * 

Prenatal influence, 149 

Prenolepis imparis, 260 

Pressure, as characteristic of abyssal 
realm, 74 

Primal life, era of, 83 

Primates, 39, 226, 343, 551, 500, 642-654 

Primates, ancestral stock of, 669 

Primates, classification of, 642 

Primates, definition of; 642 

Primates, descent of, from trees, 672, 691 

Primates, distribution of, 53 

Primates, distribution of, map showing, 
670. 

Primates, Eocene, 53 

Primates, flying, 366 

Primates, geologic record of, 670 

Primates, Miocene, 54 

Primates, New World, 644 

Primates, Old World, 644 

Primates, Oligocene, 54 

Primates, origin of, 669 

Primates, scansorial, 366 

Primitive life, era of, 83 

Primitive types, persistently, 219 
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Primrose, Lamarck’s evening, 137 

Proboscidea, see Elephants 

Pro-Aves, 533 *, 536 

Procamelus, 632 *, 634 *, 636, 630 

Proctodeum, 467 

Procyonide, 564 

Prodigality of production, ro2 

Productus, 220 

Productus giganteus, 220 

Productus horridus, 22% 

Proganosauria, 323, 497, 500 

Promammale, 540 

Prong-buck, 177 

Pronuclei, 26 

Propithecus, 366 

Propulsicn, methods of, in aquatic types, 
326 

Proscorpius, 453 

Prosopis juliflora, 304 

Protein, 17, 18, 27 

Protephemerida, 455 

Proterozoic era, 83, 87, 90 

Proterozoic era, glacial climate in, 89 

Proteus anguinus, 375 *, 378 

Protoblattoidea, 456 

Protodonata, 455 

Protodonta, 544 

Protohippus, 611, 617, 618 

Protomeryx, 634, 636 

Protophyta, 20, 30, 89, 90 

Protoplasm, 17, 18, 19, 20, 140 

Protoplasm, chemical characteristics of, 18 

Protoplasm, origin of, 28 

Protoplasm, physical properties of, 19 

Protoplasm, physiological properties of, 20 

Protoplasm, vegetal functions of, 21 

Protopterus, 483, 485 

Protopterus annectans, 484 * 

Protopertus annectans, habits of, 484 

Protorthoptera, 456 

Protosauria, 503 

Protosaurus, 503 

Prototheria, 38 

Protozoa, 20, 21, 30, 33, 44, 87, 90, 138, 
130, 140, 145, 165, 195, 210, 224, 203, 
260, 383 

Protozoa, parasitic, 33, 34 

Protylopus, 632 *, 633, 634, 635 

Prozeuglodon atrox, 333 * ; 

Pseudalurus, 560, 571 

Pseudomorph, 412 * 

Pseudoneuroptera, 442, 443, 440 

Pseudopodia, 33 

Psithyrus, 255 

Psychical factor, 163 
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Psychozoic era, 83, 85, 95 

Ptarmigans, 233 

Ptenopus, 405 

Pteranodon, 354, 360, 417, 537 

Pteranodon longiceps, 359 * 

Pterichthys milleri, 470 * 

Pterodactyls, 151, 152%, 347, 351, 353, 
354, 355, 359 *, 360 *, 367, 500, 537 

Pterodon, 552 

Pleromys, 3603 

Pteropod ooze, 383 

Pteropoda, 44 

-Pleropus, 365 * 

Pterosauria, 38, 347, 349, 353, 354 

Plilodus, 546 

Ptilodus gracilis, 545 * 

Ptychozoon, 350 

Ptychozoin homalocephalum, 359 * 

Pulse of life, 687-691 

Pulvinaria, 15% 

Puma, 238, 565 

Pupa stage, in insects, 441 

Python, 153 * 


Quagga, 148, 622 

Quaternary time, 85 

Quiescence, characteristic of 
realm, 73 
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Rabbits, 159, 232, 280 

Rabbits, cottontail, 237 

Rabbits, desert, 405 

Rabbits, embryo of, 664 * 

Rabl, C., 490 

Racial cycle, 217-224 

Racial cycle, stages in, 217 

Racoons, 296, 342, 564 

Radiation, adaptive, see Adaptive Radia- 
tion 

Radiation, Australian, 286 

Radiation, contemporaneous, 283 

Radiation, tooth, 290 

Radiations in time, successive, 289 

Radiolaria, 33, 44, 383 

Radiolaria, with symbiotic alge, 42 

Radiolarian ooze, 383 

Rails, 361 

Rana temporaria, 214 * 

Rancho La Brea, 416, 572, 573 

Rangifer, 208 

Ranodon sibcricus, 4809 * 

Ratel, 310 

Ratite, 294, 304, 354, 537 

Rats, 39, I11 

Rattlesnakes, 404 

Rays, 37 
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Recapitulation, 213-217 

Recapitulation, law of, 219 

Recapitulation, value of, 267 

Recognition marks, 232, 237 

Rectigradations, 178 

Rectrices or steering feathers, 350 

Red clay, 383 

Reindeer, 59, 120, 298 

Remiges or supporting feathers, 350 

Reproduction, 22, 25, 193-202 

Reproductive glands, 126 

Reptiles, Age of, 499 

Reptilia, 38, 60, 92, 93, 152, 182, 183, 202, 
203, 210, 221, 224, 243, 270, 403, 494, 
405 

Reptilia, absence of, in cave fauna, 374 

Reptilia, adaptive radiation of, 499 

Reptilia, aérial, 38, 500 

Reptilia, amphibious, 322, 500 

Reptilia, aquatic, 322, 500 

Reptilia, arboreal, 499 

Reptilia, beaked, 497 

Reptilia, bipedal,.303 

Reptilia, central form of, 499 

Reptilia, cursorial, 294 

Reptilia, cynodont, 540, 541 *, 542 

Reptilia, desert, 401 

Reptilia, distribution of, 51, 52, 54 

Reptilia, dominant, extinction of, 94 

Reptilia, eggs of, 404 

Reptilia, extreme specialization of, 85 

Reptilia, flying, 358 

Reptilia, flying, first, 93 

Reptilia, flying, rise of, 85 

Reptilia, foot of, 489 * 

Reptilia, fossorial, 308, 500 

Reptilia, great, extinction of, 85 

Reptilia, land, 94 

Reptilia, mammal-like, 38 

Reptilia, marine, 38, 44, 76 

Reptilia, origin of, 497 

Reptilia, Permian, 53, 306 

Reptilia, ‘‘ poisonous,” 404 

Reptilia, primitive, rise of, 86 

Reptilia, rise of, 497-517 

Reptilia, scansorial, 337 

Reptilia, winged, 417 

Respiration, 25 

Rhaco phorus, 358 

Rhacophorus pardalis, 358 

Rhacophorus reinhardtii, 358 * 

Rhamphorhynchus phyllurus, 359 * 

Rheas, 56 

Rhinoceros, 550 * 

Rhinoceros bicornis, 282 * 


INDEX 


Rhinoceros simus, 282 * 

Rhinoceros tichorhinus, 410 

Rhinoceros, 39, 41, 135 *, 153, 282, 207, 
208 *, 575 

Rhinoceros bird, 41 

Rhinoceros, distribution of, 282 

Rhinoceros, Etruscan, 679 

Khinoceros, pointed-mouth, 282 * 

Rhinoceros, square-mouth, 282 * 

Rhinoceros, woolly, 410 

Rhynchocephalia, 38, 221, 497 

Rhytina, 320 

Riihogena manifesta, 451 

Roaches, 443, 444 

Rodentia, 39, 304, 305, 3390, 551, 560 

Rodentia, aquatic, 322 

Rodentia, bipedal, 303 

Rodentia, cursorial, 295 

Rodentia, flying, 363 

Rodentia, fossorial, 308 

“Romulus,” 148 

Roosevelt, T., 136, 234, 240, 250, 342, 374, 
622, 667 

Rosa, 178 

Rotifera, 35, 120 


Saber-tooth cats, see Cats, saber-tooth 

Sacculina, 39, 267, 268 * 

Sacrum, in aquatic types, 324 

Sage brush, 399 

Sage hen, 399 

Sagittal crest, 648 

Saguaro, 395, 396 *, 308 

Saguesa, 396 

Sahara Desert, 52, 63, 65 

Saiga tartarica, 402 * 

St. Hilaire, E. Geoffroy, 12, 13 

Salamanders, 38, 51, 55, 152 *, 153, 160, 
487 

Salamanders, cave, 374 * 

Salamanders, embryo of, 663 * 

Salamanders, foot of, 490 * 

Salamanders, tiger, 235 

Salamandra maculosa, 55, 169 

Salinity of seawater, lack of, as barrier to 
distribution, 57 

Salmon, 55, 62, 79, 465 

Salmon, D. E., 264 

Salsola tragus, 398 

Saltations, 101, 137 

Salvelinus fontinalis, 237 

Sand of deserts, defense against, 401 

Sand-dollars, 35 

Sangre-de-dragon, 396, 3909 

Sarcodina, 33 
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Sargassum, 47 

Sarsia eximia, 43 * 

Sauripterus taylori, 488 *, 489 

Saurischia, 503, 504, 505, 506, 507 *, 518 

Saurischia, cursorial, 204 

Saurolophus, 522, 523 * 

Sauropoda, 176, 224, 225, 500, 503, 504, 
505, 506, 513, 516, 517, 531, 58z 

Sauropterygia, 4907 

Sauropus, 518 

Scansorial adaptation, 
scansorial 

Scansorial animals, classification of, 338 

Scapleira, 405 

Scaumenacia, 485 

Scelidosaurus, 505, 523 

Schizura mucronis, 241 

Schoetensack, O., 677 

Schoolmen, angels of the, 27 

Schuchert, C., 78, 82, 85-86, 88, 80, o1, 
306, 307, 419, 542 

Sciuride, 363 

Sciuroplerus, 363 

Sciuropterus volucella, 364 * 

Sclater, W. L. and P. L., 63 

Scomberomorus maculatus, 316, 317 * 

Scorpions, 36, 92, 404, 438, 453, 454%, 
408, 460 

Scorpions, first, 91 

Scorpions, rise of, 86 

Scott, Wa.B. 570, 572) 5725075 

Scyphozoa, 34 

Scyphule, 34 

Sea-anemones, 34, 45, 46 *, 137, 210 

Sea-butterflies, 383 

Sea-cows, 39, 77; 
577 

Sea-cows, Steller’s, 320 

Sea-crocodiles, 326, 329, 500 

Sea-cucumbers, 36, 387 

Sea-cucumhers, larva of, 475 * 

Sea floor, 382 

Sea-grasses, 76 

Sea-horses, 117 * 

Sea-lilies, 36 

Sea-lions, 62, 121, 325, 552 

Sea-lizards, 500 

Sea-lizards, Galapagos, 77, 319, 320%, 
501 

Sea-mosses, 35 

Sea-otters, 46, 78 

Sea-snakes, 56, 76, 501 

Sea-squirts, 37, 200, 207 

Sea-turtles, 44, 332 

Sea-urchins, 35, 46, 171, 201, 202, 387 


see Adaptation, 
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Seals, 30, 44, 57, 77) 79, 235, 249, 286, 201, 
325 

Seals, fur-, 62, 331 

Seals, hair, 331 

Seas, relic, 69, 78, 79 

Seaweeds, 74 

Seed-bearing plants, 92 

Segregation, 100 

Segregation, biological, 100 

Segregation, physical, 100 

Segregation, psychological, 100 

Seeley, H. G., 513 

Selection, 15 

Selection, artificial, 127-132 

Selection, artificial, characteristics of 
forms produced by, 127 

Selection, artificial, examples of, 128 

Selection, artificial, factors of, 129 

Selection, artificial, limits of, 131 

Selection, cessation of, 154, 155 

Selection, coincident, 188 

Selection, conscious, directed toward def- 
inite or special ends, 130 

Selection, conscious, of more desirable 
individuals, 130 

Selection, germinal, theory of, 140 

Selection, natural, 99-114, 120, 135, 687 

Selection, natural, definition of, 102 

Selection, natural, objections to, 113 

Selection, reversal of, 154, 155 

Selection, sexual, 13, 101, 115-127 

Selection, sexual, alternative explanations 
for, 125 

Selection, sexual, experimental evidence 
concerning, 123 

Selection, sexual, theory of, bases of, 121 

Selection, sexual, theory of, difficulties in, 
121 

Selection, unconscious, 129 

Selenia tetralunaria, 241 

Sellards, E. H., 674 

Semnopithecus, 647 

Senescence, 211 

Senility, 211, 220 

Sense organs, special, 117 

Senses, in camels, 629 

Senses, in desert animals, 405 

Senses, in elephants, 587 

Senses, in horses, 609 

Senses, in squid, 424 

Senses, in volant forms, 354 

Sensitivity, in protoplasm, 21 

Sepia, 428, 435 

Sepia officinalts; 435 * 

Sepioidea, 428, 434 
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Sequoias, 210 

Sex attraction, special characters for, 119 

Sex control, 150 

Sex differentiation, meaning of, 199 

Sex dimorphism, origin of, 195 

Sex dimorphism, steps toward complexity 
in, 199 

Sex distinctions, primary, 115 

Sex distinctions, secondary, 115 

Sexual selection, see Selection, sexual 

Shad, 55, 62, 70, 240, 465 

Shallow-sea subrealm, 68 *, 70 

Sharks, 37, 41, 92, 203, 224, 385, 388 

Sharks, ancient, rise of, 86 

Sharks, Devonian, 412, 486 

Sharks, Port Jackson, 219 

Sharks, teeth of, 384 

Shawnee Cave, 370, 371 

Sheep, 120, 129, 137, 289, 626, 690 

Sheep, Ancon, 137 

Sheep, big-horn, 177 

Sheep, of England, races of, 129 

Sheep ticks, 276 

Shelled animals, rise of, 86 

Sketland ponies, 167 

Shimer, H. W., 3140 

Ship-lizard, 498 * 

“Ship of the desert,” 627 

Shoulder girdle, in volant forms, 354 

Shrews, 39, 286 

Shrews, aquatic, 286 

Shrimps, 388 

Shrimps, brine-, 171 

Sibbaldus sulfureus, 326, 334 * 

Signal marks, 232; 236 

Sikhs, 683 

Silk-worm moths, 123 

Silk-worms, 118, 159, 167 

Silurian period, 83, 86, 9x 

Silurian period, climate of, 89 

Silverfish, 441 

Simia, 647 

Simia satyrus, 649 * 

Simiidze, 643, 647, 648 

Sinopa, 554 

Siphonophora, 45 

Sirenia, 39, 323, 324, 325, 327, 331, 560, 
577 

Sirens, 55 

Siwalik formation, 639 

Size, as cause of extinction, 228 

Size, huge, in racial senescence, 175 

Size, in aquatic forms, 335 

Size, relative increase of, 220 

Skull, in aquatic types, 323 
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Skull, in elephants, 582, 583 * 

Skull, in horses, 606 

Skull modification, in aquatic types, 323 

Skunks, 404 

Sleeping sickness, 226, 265 

Sloths, 39, 48, 227, 304, 359 *, 340, 341 *, 
342, 345, 559 

Sloths, ground-, 50, 187 

Sloths, three-toed, 345 

Sloths, tree, 187, 339 *, 340, 341 *, 345 

Sloths, two-toed, 345 

Smelt, 55 

Smerinthus, 236 

Smilodon, 527, 566 *, 507, 568 *, 569, 573, 
574 *; 575 

Smilodon calif ornicus, 572 

Smilodon neogeus, 574 * 

Smith, J. P., 217 

Snails, 33, 36, 92, 100, 150, 235 

Snakes, 38, 56, 106, 203, 243, 204, 300, 
495, 500, SOI, 502 

Snakes, cobra, 236, 243 

Snakes, coral, 235 

Snakes, desert, 4or 

Snakes, flying, 359 

Snakes, hog-nose, 243, 310 

Snakes, northern limit of, 52 

Snakes, poisonous, 105 

Snakes, sea-, 56, 76, 501 

Solenopsis molesta, 260 

Soles, 165 

Solutré, remains of horses at, 624 

Somatoplasm, 145, 146 

Sonora Desert, 394, 395, 396 

Soule, 124 

South America, as adaptive radiation 
center, 283 

South America, connected with North 
America, 58 

South America, zodgeographical 
represented in, 63, 64 * 

South American fauna, 48, 55, 56 

South American fauna, migrations of, into 
North America, 59, 62 

South American fauna, origin of, 558 

South American lung-fishes, 76 

South American monkeys, 645, 671 

Spalax typhlus, 310 

Sparrow, English, 109 

Special creation, 3, 4, 7, 8 

Species, 30, 31, 32, 33 

Species, definition of, 32, 33 

Species, dimorphic, 244 

Species, Huxley’s test of, 30 

Species, ontogenetic, 174 
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Speed, in aquatic forms, 335 

Speed, in cursorial forms, 302 

Speed, in desert animals, 306, 404 

Spelerpes longicauda, 374 * 

Spelerpes maculicauda, 374 

Spelerpes stejnegeri, 374 

Spencer, Herbert, 164 

Spermatozoa, 34 

Sphenodon, 38, 501 

Sphinx convolvuli, 233 

Spiders, 36, 92, 245, 411, 438° 

Spiders, trap-door, 404 

Spinescence, 221 

Spinescence, in desert animals, 403 

Spinescence, in desert plants, 398 

Spirifer, 221 

Spirula, 388, 428, 434, 435 * 

Spirulirostra, 435 * 

Spitzbergen, zoogeographical realm rep- 
resented in, 63 

Spleen, 125 

Spondylus, 221 

Sponges, 34, 45, 57, 146, 387, 412 

Spores, 34 

Sporozoa, 34, 269 

Springtails, 441 

Spy, man of, 680 

Squamata, 38, 204, 407 

Squamata, adaptive radiation of, 500 

Squid, 37, 57, 79, 230, 249, 421, 436 * 

Squid, anatomy of, 423 * 

Squid, color of, 425 

Squid, giant, 220 

Squid, head and arms of, 422 

Squid, ink-sac of, 423 *, 424 

Squid, locomotor organs of, 424 

Squid, mantle cavity of, 422 

Squid, mouth of, 422 

Squid, sense organs of, 424 

Squid, shell of, 424, 426 

Squid, structure of, 421 

Squid, suckers of, 422 

Squirrels, 60, 339, 342 

Squirrels, flying, 285, 288, 339, 345 

Squirrels, ‘‘sugar,”’ 88 

Stag-beetles, 119 

Stanford University, 254 

Starfishes, 35, 57, 137, 146, 201, 387 

Starfishes, larva of, 475 * 

Steatornis caripensis, 374 

Stegocephalia, 38, 216, 479, 487, 492 * 

Stegodon, 589, 590 *, 592, G00 

Stegodon clifti, 600 

Stegopelta, 526 

Stegosauria, 505, 522 
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Stegosaurus, 222, 207, 504, 505, 524%, 
525 *, 530, 532, 6590 

Stegosaurus ungulalus, 524 * 

Stem-mothers, agamic, 139 

Stenodactylus, 405 

Stenodictya lobata, 455 * 

Stenomylus, 634, 636 * 

Sternum, in volant forms, 354 

Stickle-backs, 172 * 

Stomiatide, 390 

Stomodzeum, 467 

Stone-flies, 448 

Strand, 70, 71 

Strepsiptera, 276 

Stridulating organs, 120 

Struggle for existence, 72, 104 

Struggle for existence, environmental, 106 

Struggle for existence, interspecific, ros 

Struggle for existence, intraspecific, 104 

Struthiomimus, 224, 504, 513, 552 

Sturgeon, 55, 62, 70, 223, 465 

Stygicola, 378 5 

Styracosaurus, 505, 526 *, 528 

Styx River, Mammoth Cave, 371 

Suarez, Father, 4 

Subkingdoms, of organisms, 29, 30 


Successive Creations, repopulation by, 3, 6 


Suctoria, 33 

Sudburian period, 87 

Suez, Isthmus of, as land bridge, 58 

Suina, 626 

Sumatra, zodgeographical realms repre- 
sented in, 64 *, 65 

Sunlight, depth of water penetrated by, 
72 

Suprarenal capsules, 125 

Surra sickness, 226 

Survival of the existing, rrz 

Survival of the fittest, 107 

SUS 55ONr 

Sus scrofa, 626 * 

Sustaining surface, in volant forms, 349 

Suture line, in nautilus, 426 

Swallows, 61 

Swallows, house-, speed of, 362 

Swamp-dwelling, influence of, 52 

Swans, 210 

Swim-bladder, 75, 479, 480 

Swim-bladder, primal function of, 318 

Swine, 292, 307, 310 

Symbiosis, 41, 248 

Symmetry, bilateral, 46 

Syndactyly, 343 

Syngnathus, 117 

Syrphus-flies, 244 
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Tachygenesis, 213, 215 

Tenia, 273 

Tenia saginata, 263 

Tenia solium, 263, 273 * 

Teeniodonta, 290, 551, 559 

Tahiti, land snails of, 33, 100 

Tail-driven types, 323 

Tail, in aquatic types, 316, 319, 323, 327, 
328 *, 320 ' 

Tail, in cursorial types, 304 

Tail, in fossorial types, 310 

Tail, in man, 665 

Tail, in scansorial forms, 345 

Tail, prehensile, 344, 345 

Talpa, 310, 314 

Talpa europea, 312 *, 313 * 

Tamandua, 345 

Tapeworms, 35, 263, 266, 273 * 

Tapirs, 48, 234, 238, 370 

Tarantulas, 404 

Tarpan, 611, 624 

Tarsiers, 643, 644 * 

Tarsius, 342, 643. 

Tarsius spectrum, 644 * 

Tasmania, zodgeographical realm repre- 
sented in, 65 

Tasmanian wolf, 108, 120, 227, 228, 287, 
280, 551 

Tayassu, 625 

Taxonomic classification, 29 

Teeth, bunodont, 626 

Teeth, buno-selenodont, 626 

Teeth, carnassial, 551 

Teeth, herbivorous, 292 

Teeth, heterodont, 201 * 

Teeth, highly specialized, as cause of ex- 
tinction, 227 

Teeth, in aquatic forms, 332 

Teeth, in fossorial forms, 311 

Teeth, insectivorous, 291 

Teeth, loss of, as sign of degeneracy, 223 

Teeth, myrmecophagous, 292 

Teeth, of camels, 628 

Teeth, of elephants, 582, 583 *, 585 *, 588, 
590 * 

Teeth, of Feline, 566 

Teeth, of horses, 606, 607 *, 608 * 

Teeth, of man, 654, 657 

Teeth, omnivorous, 292 

Teeth, selenodont, 626 

Telegony, 148 

Teleostei, 38, 224, 870, 481 

Temperature extremes, in deserts, 401 

Temperature, influence of, on distribution, 
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Temperature, of Atlantic Ocean, 74 

Temperature, of Mediterranean Sea, 74 

Tentacles, 33 

Teratology, 148 

Teratoscincus, 401, 405 

Termes bellicosus, 254 

Termes flavipes, 253 

Termes lucifugus, 252 * 

Termites, 251-254, 252 *, 442, 456 

Termitophiles, 254 

Terns, 76, 235 

Tertiary birds, 537 

Tertiary fossil fields, 415 

Tertiary insects, 457 

Tertiary mastodons, 595 

Tertiary Proboscidea, 593 

Tertiary radiation of mammals, 290 
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